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PREFACE. 



Wail.B we hare recent and im]proTed syitems of Geognpby, of Afhlh 
metic, and of Gkammar, in ample variety ,~and Reading and Spelling Bodki 
in corresponding abundance, numy of which show oar adTancement in 
the science of education, no one has offered to the puUic, for the use of 
our schools, any new or improved system of Natural Philosophy. And 
yet this is a branch of education very extensively studied at the present 
lime, and probably would be much more so, were some of its parts so ex- 
plained and illustrated as to make them more easily understood. 

The author therefore undertook the following wim^ at the suggestion of 
several eminent teachers, who for years have regroOed the want of a book 
on this subject, more familiar in its explanations, and more ample in its 
details, than any now in common use. 

The Conversations on Natural Philosophy, a foreign work now exteft* 
sively used in schools, though beautifully written, and often highly inter- 
esting, is, on the whole, considered by most instructors as exceedingly 
deficient^particularly in wanting such a method in its explanations, as to 
convey to the mind of the pupil precise and definite ideas ; and also in 
the omission of many subjects, in themselves most useful to the stodent, 
and at the same time most easily taught 

It is also doubted by many instructors, whether Conversations is the 
best form for a book of instruction, and particularly on the several sub- 
jects embraced in a system of Natural Philosophy. Indeed, those who 
have had most experience as teachers, are decidedly of the opinion that 
it is not; and hence we learn, that in those parts of Eurc^ where the 
subject of education has received the most attention, and oonsequently 
where the best methods of conveying instruction are supposed to have 
been adopted, school books in the form of conversations are at present en* 
tirely ot^t of use. 

The author of the following system hopes to have illustrated and ex- 
plained most subjects treated of, in a manner so familiar as to be under- 
stood by the pupil, without requiring additional diagrams, or new modes 
of explanations from the teacher. 

EYery one who has attempted to make himself master of a diAenk 
proposition by means of diagrams, knows thaV the great number of letten 
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PREFACE. 



While we have recent and ini|Mroved syitems of Qeograpby, of Afttlh 
metic, and of Grammar, in ample variety,~and Reading and Spcdling Bodki 
in corresponding abundance, many of which show oar adTanoement In 
the science of education, no one has offered to the public, for the use of 
our schools, any new or improved system of Natural Philosopliy. And 
yet this is a branch of education very extensively studied at the present 
time, and probably would be much more so, were some of its ports so ex- 
plained and illustrated as to make them more easily understoocL 

The author therefore undertook the following; work at the suggestioaof 
several eminent teachers, who for years have regroOed the want of a book 
on this subject, more familiar in its explanations, and more ample in its 
details, than any now in common use. 

The Conversations on Natural Philosophy, a foreigii work now exteft* 
sively used in schools, though beautifully written, and often highly inter- 
esting, is, on the whole, considered by most instructors as exceedingly 
deficient^particularly in wanting such a method in its explanations, as to 
convey to the mind of the pupil precise and definite ideas ; and also in 
the omission of many subjects, in themselves most usefUl to the stodent, 
and at the same time most easily taught 

It is also doubted by many instractors, whether Conversations is the 
best form for a book of instruction, and particularly on the several sub- 
jects embraced in a system of Natural Philosophy. Indeed, those who 
have had most experience as teachers, are decidedly of the opinion that 
it is not; and hence we learn, that in those parts of Europe where the 
subject of education has received the most attention, and oonsequently 
where the best methods of conveying instruction are supposed to have 
been adopted, school books in the form of conversations are at present en* 
tirely <yii of use. 

The author of the following system hopes to have illustrated and ex- 
plained most subjects treated of, in a manner so fiuniliar as to be under- 
stood by the pupil, without requiring additional diagrams, or new modes 
of explanations from the teacher. 

Every one who has attempted to make himself master of a diffieuk 
propositi<xi by means of diagrams, knows thaV the great number of letten 
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NATURAL PHILOSOPHY. 



THE PROPERTIES OF BODIES. 



A. Body (ik any subBJance of which we can gain a know- 
ledge by our senses.' ' Hence air, water, and earth, in all their 
modifications, are callea bodies. 

There are certain properties which are comtnon to all bo- 
dies. Th^se are called the essential properties of bodies. 
They are <Jmj>enetrabihly^ Extension^ FigHre^ Divisibility^ 
Inertia^ and Attraction^ 

Impenetrahility. — By impenetrability, 4t is meant that two 
bq^es cannot occupy the same space at the same time, or, 
that the ultimate particles of matter cannot be penetrated. 
Thns^^if a vessel be exactly filled with water, and a stone, or 
any other substance heavier than water, be dropped, in to it, a 
quantity of water will overflow, just equal to the size of the 
6eavy body. This shows that Uie stone only separates or dis- 
places the particles of water, and therefore that the two sub- 
stances cannot exist in the same place at the same time^ If a 
glass tube open at the bottom, and closed with the thumb at 
le top, be pressed down into a vessel of water, the liquid will 
not rise up and fill tiie tube, because the air already in the 
tube resbts it; but if the thumb be removed, so that the air 
can pass out, the water will instantly rise as high on the inside 
of tlihe tube as it is on the outside. This shows that the air is 
impenetrable to the water. 

■ ■ ■!■ .1 m i II I ■ ■■— — n I iii w 11 ■ ■ ■II. 

Whatbabodvl Mentioii leYenl bodies What aw the w wnti al pw>- 
petdesofbodiMf "WhaX \MvaeaMihyimpe7tetrabttit^f How b it prored 
hat air sad wnMat an impeiMtnblel 



M FR0PE&TIS8 OF BODIES. 

If a nafl be driyen into a bourd, in common lan|raage, it is 
_ aid to penetrate the wood, but in the langruaffe of pniloaodhy, 
it onl7 s^[>arate8^ or displaces the particles of the wood. The 
same is the case, if the nail be driven into a piece of lead ; 
the particles of the lead are separated from each other, and 
crowded together, to make room for the harder body, but the 
particles themselves are by no means penetrated by the nail. 

When a piece of fold is dissolved in an acid, the particles 
of the metal are divided, or separated from each otner, and 
diflused in the fluid, but the particles of gold are supposed 
still to be entire, for if the acid be removed, we obtain the gold 
again in its solid form, just as though its particles had never 
been separated.' 

Extension, — ^Every body, however small, must haveflength^ 
breadth, and thickness, since no substance can exist without 
them. By extension, therefore, is only meant these qualities. 
Extension has no respect to the size, or shape of a body. The 
size and shape of a block of wood a foot square is quite dif- 
ferent from that of a walking stick. But they both equally 
possess length, breadth, and thickness, since the stick miglit 
be cut into little blocks, exactly resembling in shape the 
lar^e one. And these little cubes might again be divided 
untd they were only the hundredth part of an inch in diame- 
ter, and still it is obvious, that they would possess length, 
breadth, and thickness, for they could yet be seen, felt, and 
measured. But suppose each of these little blocks to be again 
divided a thousand times, it is true we could not measure them, 
but still they would possess the quality of extension, as really 
as they did before division, the only difference being in respect 
to dimensions. ^ 

Figure^ or fornix is the result of extension} for Hire canno 
conceive that a body has length and breadth, without its also 
having some kind of figure, however irregular. 

Some solid bodies have certain or determinate forms, 
which are produced by nature, and are always the same, 
wherever they are found. Thus a crystal of quartz has six 
sides, while a garnet has twelve sides, these numbers being 

When a nail is driyen into a board or piece of lead, are the particles o« 
these bodies penetrated or separated 1 Are the particles cf gold dissolved, 
or only separated by the acid ? What is meant by extensbn 1 In how 
many directions do bodies possess extension 1 Of what is figure, or fiHrm, 
theresultl Do all bodies possess figuie? What solids an ngular in tbMi 
fbimsl 



»R0PB&T1B8 OF BODIBSi 11 

iDTariaMe. | Some solids are so irreffnlar, dmt they cannot 
be eompared with any mathematical fifure. This Is tb3 case 
with the^gmentsof a broken rock, chips of wood, fractmwd 

^lass, ^d;^ 

lluid bodies have no determinate forms, but take their 
shapes from the fess^ls in which they happen to be placed. 

Uimsilnlity* — ^By the divisibility of matter, |we mean that 
a body may be divided into parts, and that these parts may 
again be divided into other parts.^ 

It is quite obvious, that if we'()reak a piece of marble into 
two parts, these two parts may again be divided, and that the 
process of division may be continued until these parts are so 
small as not individually to be seen or felt But as every body, 
however small, must possess extension and form, so we can 
conceive of none so minute but that it may a^in be divided. 
There is, however, possibly, a limit, beyond which bodies 
cannot be actually divided, for there may be reason to believe 
that the atoms of matter are indivisible by any means in our 
power. But under what circumstances tliis takes place, or 
whether it is in the power of man during his whole life, to 

Eulverize any substance so finely, that it may not again be 
roken, is unknown. 

We can conceive, in some degree, how minute must be the 
particles of matter, from circumstances that every day come 
within our knowledge. 

Ql single grain of musk will scent a room for years, and 
still lose no appreciable part of its weight. Here, the particles 
of musk must be floating in the air of every part of the room, 
otherwise they could not be every where perceived. 

j^tGrold is hammered so thin, as to take 282,000 leaves to make 
an inch in thickness. Here, the particles still adhere to each 
other, notwithstanding the great surface which they cover, — a 
single grain being siSicient to extend over a surface of fifty 
square inches."] 

The ultimate particles of matter, however widely they may 
be diffused, are not individually destroyed, or lost, but under 
certain circumstances, may again be collected into a body 

What bodies are irregular 1 What is meant by divisibility of matter *l Is 
there any limit to the di\'i«ibtlity of matter 7 Are the atoms of matter di- 
visible 1 What examples are given of the divisibility of matter? How 
many leaves of gold does it take to make an inch in tmcknesi? How m*- 
ny aqjBUixt iadias may a graift of gold bo mode to ooforl 
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wUhovt dumfe of IcMrni. Mereiuy, 'Wftter, and muky etibiv 
HilMitaaces, may be converted into vapor, or distilled m doM 
▼eaaelsy without any- of their particles being lost In sncb 
cases, there is no decomposition of the substances, but only a 
change of form by the heat, and hence the mercury and wa* 
ter assume their original state again on cooling. 

When bodies suffer decomposition or decay, their element 
tary particles, in like manner, are neither destroyed nor lost, 
but only enter into new arrangements, or combmations with 
othei faiodies. 

When a piece of wood is heated in a close vessel, such as a 
retort, we obtain water, an acid, several kinds of fas, and 
there remains a black, porous substance, caUed charcoal. 
The wood is thus decomposed, or destroyed, and its parti- 
cles take a new arrangement, and assume new forms, but 
that nothing is lost is proved by the fact, that if the water, 
add, gases, and charcoal be collected and weighed, they will 
be found exactly as heavy as the wood was, before distilla- 
tion. 

Bones, flesh, or any animal substance, may in the same 
manner be made to assimne new forms, without losing a par- 
ticle of the matter which they originally contained. 

The decay of animal or vegetable bodies in the open air, 
or in the ground, is only a process by which the particles oi 
which they were composed, change their places, and assume 
new forms. 

The decay and decomposition of animals and vegetables on 
the surface of the Ear Ji form the soil, which nourishes the 
growth of plants and other vegetables ; and these, in their 
turn, form the nutriment of animals. Thus is there a per- 
petual change from death to life, and from life to death, and 
as constant a succession in the forms and places, which the 
particles of matter assume. Nothing is lost, and not a parti- 
cle of matter is struck out of existence. The same matter oi 
which every living animal, and every vegetable was formed, 
before and since the flood, is still in existence. As nothing is 
lost or annihilated, so it is probable that nothing has been 
added, and that we, ourselves, are composed of particles of 

Under what cixcaoutanoefl may the particlee of matter a^n he ooUectad 
fa their original form 1 When Iwdies gaffer decaji are their particlee kwt t , 
What heocmwa of the particles of bodies which decay 1 Is it probahie thm • 
any matter has been annihilated or adde^ since the firat cieatiovl 
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matter as old as the cread<m. In time, we must* in our turn, 
sufier decomposition, as all forms have done before us» and 
thus resign the matter of which we are coroposedi to form new 
existences. I 

Inertia, — ^Inertia ^eins passiyeness or want of power* 
Thus matter is, of itselfw equalJy incapable of putting itself in 
motion, or of bringing f self to rest when in motion. 

It is plain that a roqL on the surface of the earth, never 
changes its position in respect to other things on the earth. 
It has of itself no power to move, and would, therefore, for ever 
lie still, unless moved by some external force. This fact is 
proved by the experience of every person, for wc see the same 
objects lying in the same positions all our live^s. Now, it is 
just as true, that inert matter has no power to bring itself to 
rest, when once put in motion, as it is, that it cannot put it^ 
self in motion, when at rest, for having no life, it is perfectly 
passive, both to motion and rest, and therefore either state de- 
pends entirely upon circumstances. 

Common experience proving that matter does not put itself 
in motion, we mio^ht be led to believe, that rest is tlie natural 
state of aii inert bodies, but a few considerations will show, 
that motion is as much the natural state of matter as rest, and 
that either state depends on the resistanae, or impulse, of ex- 
ternal causes. 

If a cannon ball be rolled upon the ground, it will soon 
cease to move, because the ground is roufh, and presents im- 
^^ediments to its motion ; but if it be roUea on the ice, its mo- 
tion will continue much longer, because there are fewer im- 
pediments, and consequently, the same force of impulse will 
carry it much farther. We' see from this, that with the same 
impulse, the distance to which the ball will move must depend 
on the impediments it meets with, or the resistance it has to 
overcome. But suppose that the ball and ice were both so 
smooth as to remove as much as possible the resistance caused 
by friction, then it is obvious that the ball would continue to 
Miove longer, and go to a greater distance. Next suppose we 
avoid the friction of the ice, and throw the ball through the 
air, it would then continue in motion still longer with the sam« 

What is said of the particles of matter of which we are made 7 What 
ioes inertia mean 7 Is rest or motion the natural state of matter? Whv 
iocs the baU voU fiurther on the ice than on the ground 1 Whaidoeetha 
prove? 

3 
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Ibree of projeetioii, became die air alone, presents less impedi^ 
meat than tne air and ice, and there is now nothing to oppose 
its constant motion, excepi the resistance of the air, and its own 
weiffht, or gravity. 

If the air be exhausted, or pumped out of a ressel by means 
of an air pump, and a ccHumon top, with a small, hard point, 
be sl^t'in motion in it, the top will continue to spin for hours, 
because the air does not resist its motion. A pendulum, set 
in motion, in an exhausted vessel, will continue to swing, with- 
out the help of clock work, for a whole day, because mere Is 
nothing to resist its perpetual motion, but the small friction at 
the point where it is suspended. 

We see, then, that it is the resistance of the v^ir, of friction, 
and of gravity) which cause bodies once in motion to cease 
moving, or come to rest, and that dead matter of itself, is 
equally incapable of causing its own motion, or its own 
rest. 

We have perpetual examples of the truth of this doctrine, 
in the moon, and other planets. These vast bodies move 
through spaces which are void of the obstacles of air and fric- 
tion, and their motions are the same that they were thousands 
of years ago, or at the beginning of creation. 

Attraction. — ^y attraction is meant that property, or quality 
in the particles of bodies, which make them tend toward each 
other. 

We know that substances are composed of small atoms, or 
particles, of matter, and that it is a collection of these, united 
together, that forms all the objects with which we are acquaint^ 
ed. Now, when we come to divide, or separate any substance 
into parts, we do not find that its particles have been united, 
or kept together by glue, little nails, or any such mechanical 
hieans, but tliat they cling together by some power, not obvi- 
ous to our senses. This power we call attraction, but of its 
nature or cause, we are entirely ignorant, jfexperiment and 
observation, however, demonstrate, that this power pervades 

all material things, and that under different ^ modifications, it 

■■ ■■■■... 

Why, with the same force of projection, will a ball move farther through 
the air thau on the icel Why will a top spin, or a pendulum swing longer, 
in an exhausted vessel than in the air 7 What are the causes which ro- 
ust the perpetual motion of bodies'? Where have we an example of 
continued motion, without the existence of air and friction 1 What is meant 
by attraction 7 What is known about the cause of attraction? Is attraction 
CAHunon to all kinds of matter, or not 1 
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Aot only makes the particles of bodies adhere to each othrry 
bulls the cause which keeps the planets in their orbits as they 
pass through the heaven^ 

Attraction has received different name8,<according to tlka 
circumstances under which it acts^ 

^he force which keeps the particles of matter together, to 
form bo^l-es, or masses j) is called attraction of cohesion, ^That 
which inclines different masses towards each other, is called 
attraction of gravitation. ^That which causes liquids to rise 
in tubes,, is called capillary attraction. That which forces the 
particles of substances of different kinds to unite, is known 
under the namn of chemical attraction. That which causes 
the needle to point constantly towards the poles of the earth 
i^ magnetic attraction ,* and that which is excited by friction 
in certain substances, is known by the name of electrical at' 
traction. 

The following illustrations, it is hoped, will make each kind 
of attraction distinct and obvious to tne mind of the student. 

Attraction of cohesion acts only at insensible distances, as 
when tlie particles of bodies apparently touch each other. 

/iTake two pieces of lead, of a round form, an inch in diame- 
ter7~and two inches long ; flatten one end of each, and make 
through it an eye-hole for a string. Make the other ends of 
each as smooth as possible, by cutting them with a sharp 
knife. If now the smooth surfaces be brought toffether^ 
with a slight turning pressure, they will adhere with such 
force that two men can hardly pull them apart by the two 
strings. 

In like manner, two pieces of plate glass, when their surfa- 
ces are cleaned from dust, and they are pressed together, will 
adhere with considerable force. Other smooth substances 
present the same phenomena. 

This kind of attraction is much stronger in some bodies 
than in others. Thus, it is stronger in the metals than in most 
other substances, and in some of the metals it is stronger 
than in others. In general, it is most powerful among tne 
particles of solid bodies, weaker among those of liquids, and 

What effect does this power have upon the planets ? Why has attnc- 
iion received different names 1 How many kinds of attraction are there ? 
fioTv does the attraction of cohesion operate 1 What is meant by attraetk>n 
of gravitation 1 What by capillaiy attractioni What by chemicai attifo- 
tkml What is that which makes the needle pmnttowaida the pole 1 Ho<ir 
is electxical attraction excited 7 Give an example of oohMive altiMtioiii « 
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probably entirely wanting among elastic fluidsy such as air, and 
the ffases. 

Thus, a small iron wire will hold a suspended weight ol 
many pounds, without having its particles separated ; the par* 
tides of water are divided by a very small force, while Jthose 
oY air, are still more easily moved among each other. TThesc 
different properties depend on the force of cohesion witfrwhich 
the several particles of these bodies are united. 

When the particles of fluids are left to arrange themselves 
according to tne laws of attraction, the bodies which they com- 
pose assume the form of a globe or ball. 

Drops of water thrown on an oiled surface or on wax — glo- 
bules of mercury, — hail stones, — a drop of watrr adhering to 
the end of the ^nger, — tears running down the cheeks, and 
dew drops on the leaves of plants, are all examples of this law 
of attraction. The manufacture of shot is also a striking illus- 
tration. The lead is melted and poured into a sieve, at the 
height of about two hundred feet from the ground. The 
stream of lead immediately after leaving the sieve, separates 
into round globules, which, before they reach the ffround, are 
cooled and become solid, and thus are formed the shot used by 
sportsmen. ' 

To account for the globular form in all these cases/we have 
only to consider that the particles of matter are mutually at- 
tracted towards a common centre, and in limiids being free to 
inove, they arrange themselves accordingly. > 

(In all figures except the globe, or ball, some of the particles 
tniist be nearer the centre than othersi But in a body that is 
perfectly round, every part of the outside is exactly at the same 
distance from the centre. 



Fig. 1. 




Thus the corners of a cube, or square, are 
at much greater distances from the centre, 
than the sides, while the circumference of 
a circle or ball is every where at the same 
distance from it. This difference is shown 
by fig. 1, and it is quite obvious, that il the 
particles of matter are equally attracted to- 
wards the common centre, and are free to 
arrange themselves, no other figure could 



In what subtftances is eohraive attraction the strongest 1 In what sub- 
stances is it weakest 1 Why are the paitides of fluids more easily separated 
tlia» those of solidsl 
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possibly be form^, ^ce then every p&rt of the outside is 
eqi^ly attracted. / 

(rite sun, earth, moon, and indeed all the heavenly bodiesX 
are illustrations of this law, and tlierefore were probably in sO 
soft a state when first formed, as to allow their particles freely 
to arrange themselves accordingly. 

Attraction of gravitation, — Ss the attraction of cohesion 
unites the particles of matter into masses or bodies,' so the 
attraction of gravitationffends to force these masses towards 
each other, to form those of still greater dimensions'!) The 
terra gravitation, does not here strictly refer to the weight of 
bodies, but to the attraction of the masses of matter towards 
each other, whether downwards, upwards, or horizontally. 

The attraction of gravitation is mutual, since all bodies not 
only attract Other bodies, but are themselves attracted. 

Fig. 3. fi'wo cannon balls, when suspended by long cords, 

I so as to hang quite near each other, are found to 

exert a mutual attraction, so that neither of the 

cords is exactly perpendicular, but they approach 

each other,\as in fig. 2. 

In the 4ame manner, the heavenly bodies, 
when they approach each other, are drawn out of 
the line of their paths, or orbits, by mutual at- 
traction. 

The force of attraction increasesun proportion 
as bodies approach each other, anoby the same 
law it must diminish in proportion as they recede 
from each otherj) 

Attraction, in technical language, is inversely 
as the sqigres of the distances between the two 
bodies. (That is, in proportion as the square of 
the distance increases, in the same proportion at- 
traction decreases, and so the contrary) Thus,(|f at the dis- 
tance of 2 feet, the attraction be equal to 4 pounds, at the 

What fonn ^ fluids take, when their particles are left to their own 
arrangement 1 Give examples of tlus law. How is the glohular form 
which liquids assume, accounted for 7 If the particles of a body are iree 
to move, and are equally attracted towaids the centre, what must be its 
figure 7 Why must the figure be a globe 1 What ^reat natural bodies 
are exanq)les of this law 1 What is meant by attraction of gravitation 1 
Can one body attract another without being itself attracted 1 How is it 
proved that bodies attract each Other 1 By wbttkWi«rrala, does the test 
0f attnctiioia iiicieasel 
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distance of 4 feet, it will be only 1 pound ; for the square of 2 is 
4* and the square of 4 is 16, which is 4 times the square of^ 
On the contrary, if the attraction at the distance of 6 feet be^ 
pounds, at the distance of 2 feet it will be 9 times as much, or 
Xl7 pounds, because 36, tlie square of 6, is equal to 9 times 4* 
the square of 2. 

l^he intensity of light* is found to increase and diminish in 
the same proportion, ^hus, if a board a foot square, be placed 
at the distance of one Toot from a candle, it will be found to 
hide the light from another board of two feet square, at the 
distance ot tw^o feet from the candle. Now a board of two feet 
square is just four times as large as one of one foot square, 
and therefore the light at double the distance being spread 
over 4 times the surface, has only one fourth the intensit}\ 



Fig. 3. 




This experiment 
may be easily tried, 
or may be readily 
understood by fig- 
3, where c repre- 
sents the candle, A 
the small board, 
and B the large 
one ; B being four times the size of A, 

The force of the attraction of gravitation, ^ in proportion 
lo the quantity of matter the attracting body contains^ 

Some bodies of the samebulk contain a much greater quan- 
tity of matter than otliers { thus, a piece of lead contains about 
t^velve times as much matter as a piece of cork of the same 
dimensions, and therefore a piece of lead of any given size, 
and a piece of cork twelve times as large, will attract each 
other equally. ^ 

Capillary Attraction.— \The force by which small tubes, oi 
porous substances, raise liquids above their levels, is called 
capillary attraction. 

if a small glass tube be placed in water, the water on the 
innde will be raised above the level of that on the outside ol 



Qim an example of this rule. How is it shown that the intensity ot 
saaeB and diminisheB in the same proportion as the attraction of 
'1 Dd bodieB attract in proportion to balk, or quantity of matter 7 
be the diflereuoe of attraction between a cubic inch of lead, 
of oork? Why would there be so much di^rencel 
cui0knrattnGtioa1 How is this kind of attnctioa il- 
toiwt 
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me tubd« (jHie cause of this seems to be nothing more than 
the ordinary attraction of the particles of matter for each other^ 
The sides of a small orifice are so near each other, as to at- 
tract the particles of the fluid on their opposite sides, and as 
all attraction is strongest in the direction of the greatest quan- 
tity of matter, the water is raised upwards, or in the direction 
of the length of the tube. On the outside of the tube, the o])- 
posite surfaces, it is obvious, cannot act on the same column 
of water, and therefore the influence of attraction is here hard- 
ly perceptible in raising the fluid. This seems to be the rea- 
son why the fluid rises higher on the inside than on the outside 
ofjthe tube. 

/^A great variety of porous substances are capable of this kind 
of attraction, ff a piece of sponge or a lump of sugar be 
placed, so that its lowest corner touches the water, the fluid 
will rise up and wet the whole mass. In the same manner, 
the wick of a lamp will carry up tlie oil to supply the flame, 
though the flame is several incnes above the level of the oil. 
If the end of a towel happens to be left in a basin of water, it 
will empty the basin of its contents. And on the same princi- 
ple, when a dry wedge of wood is driven into the crevice of a 
rock, and afterwards moistened with water, as when the rain 
falls upon it, it will absorb the water, swell, and sometimes 
split the rock* In Germany, mill-stone quarries are worked in 
this manner.^ 

^ Chemical attraction takes place between the particles of 
substances of diflerent kinds, and unites them into one com- 
pounds^ 

This species of attraction takes place only between the 
particles of certain substances, and is not, therefore, a univer- 
sal pr(n)erty. It is also known under the name oijdhemical 
affinity) because it is said, that the particles of substances hav- 
inj^ an aflinity between them, will unite, while those having no 
affinity for each other do not readily enter into union. 

There seems, indeed, in this respect, to be very singular pre- 
ferences, and dislikes, existing among the particles of matter. 
Thus, if a piece of marble be thrown into sulphuric acid, 
rttieir particles will unite with great rapidity, and conunotion. 

Why does the water nse higher in the tube, than i^does on the outside? 
Grtve some oonmxm illustrations of this principle.^ What is the eflect of 
chemicaJ attraction 1 By what other name is this kind of attraction known 1 
What eflect is praduoea when marUe and sulphuric acid are brought to- 
gether 1 
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and there will result a compound differiiig in all respects firoin 
the acid or the marbleJ But if a niece of glass, quartz, gold, 
or silver, be thrown into Uie acid^no changers produced on 
either) because their particles have no affinity) 

Sulphur and quicksilver, when heated toge^er, will form a 
beautiful red compound, known under the name of vermilion^ 
and which has none of the qualities of sulphur or quicksilver. 
COil and water have no affinity for each other, but potash 
has an attraction for both, and therefore oil and water will 
unite when potash is mixed with them. In this manner, the 
well known article called ^ap is formed. But the potash has 
a stronger attraction for an acid than it has for either the oil 
or the water ; and therefore /when soap is mixed with an acid) 
the potash leaves the oil, and unites with the acid, thus de- 
stroying the old compound, and at the sajne instant forming a 
new one. The same happens when soap is dissolved in any 
water containing an acid, as the water of the sea, and of cer- 
tain wells. The potash forsakes the oil, and unites with the 
acid, thus leaving the oil to rise to the surface of the water. 
Such waters are called hard, and will not 'wash,( because the 
acid renders the potash a neutral substanc^ 

Magnetic Attraction.-^Hhere is a ceHain ore- of iron, a 
piece of which, being suspended by a thread, will always 
turn one of its sides to tlie nortlO fiThis is called the load- 
stone, or natural Magnet, and when it is brqught near a piece 
of iron, or steel, a mutual altractioa takes place, and under 
certain circumstances, the two bodies will come together and 
adhere to each other*' This is called Ma^etic Attraction, 
fVVhen a piece of steel or iron is rubbed with a Magnet, the 
same virtue is communicated to the steel, and it will attract 
other pieces of steel, and if suspended by a string, one of its 
ends will constantly point towards the north, while the other, 
of course, points towards the south^ This is called an artificial 
Magnet. The magnetic needles a piece of steel, first touched 
with the loadstone, and then suspended, so as to turn easily 

What is the effect ^hen ^lass and this acid are brought together 1 
W^ u the reason of this difference') How may oU and water he made 
to unite 7 What is the compositbn thus formed called ? How does an add 
deatioj this compound 1 What is the reason that hard water will nol 
wash? What b a natural magnet 1 What is meant by magnetic attiao* 
ttOAl What M an artifiaal magnet 1 WhatisainagiwtifriiMittsI 
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on a ])oinQ {Bv means of this instruipent, the mariner guides 
his snip throuifh the pathless ocean?) See Maenetism. 

Electrical Attracti(m.-^yih%n a piece of glass, or sealing 
wax, is rubbed with the dry hand, or a piece of cloth, and then 
held towards rny light substance, such as hair, or thread, the 
light body wili be attracted by it, and will adhere for a mo- 
ment to the glass or wax) The influence which thus moves 
the light body is called Electrical Attraction. MSThen the light 
body nas adhered to the surface of the glass for a moment, it is 
again thrown off, or repelled^and this is called Electrical Re* 
jndsion. See J^ectricity, ^ 

We have thus described and illustrated all the universal or 
inherent properties of bodies, and have also noticed the seve- 
ral kinds of attraction which are peculiar, namely. Chemical, 
Magnetic, and Electrical. There are still several properties 
to be mentioned. Some of them belong to certain bodies in a 
peculiar degree, while other bodies possess them but slightly. 
Others belong exclusively to certain substances, and not at all 
to others. These properties are as follows. 

Density, — ^This property relates to the compactness of bo- 
dies, or the number of particles which a body contains within 
a given bulk. It is closeness of texture.^ Bodies which are 
most dense,£rc those which contain the least number of pores.| 
Hence the nensity of the metals is much greater than the 
density of wood. Two bodies being of equal bulk, that which 
weighs most, is most dens^ Some £f the metals may 
have this quality increased vby hammcrmA by which their 
pores are filled up and their particles are brought nearer to 
each other. The density of air is increased by forcing mora 
into a close vessel than it naturally contained. 

Rarity, — ^his is the quality opposite to density^and means 
that the substance to which it is applied is porous, and light. 
Tfaui^air, water, and ether,\ are rare substances, whiie^old, 
lead, and platina, are dense bodie^ 

Hardness, — This property is not in propp'rtion, as might 
be expected, to the density of the substance/but to the force 
with which the particles of a body cohere, }or keep their 



What is its use 1 What is meant hy electrical attraction 7 What u 
electrical repulsion? What is density 1 What bodies are most dense? 
How may this quiJity be increased in the metals? What is rarity?— 
What are rare bodies? What are dense bodies? How does hudoefls di^ 
fcr fiom deiudty ? 
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placet. /Glass, Tor instance, will scratch gold or ^tina« tkouffb 
these metals ave much more dense than glass. ^ It is probabfe^ 
therefore, that these metals contain the greatest numher of par- 
ticles, but that those of the glass are more firmly fixed in tneir 
places^ 

So^e of the metals can be madi hard or soft at pleasure. 
Thu^ steetVhen heated, and then suddenly cooled, becomes 
harder than glass, while if allowed to cool slowly, it is soft 
and flexible. ^ 

Elasticity^a that property in bodies by which, after being 
forcibly compressed or beiU, they regain their original state 
when the force is removed*^ 

Some substances are highly elastic, while others want this 
property entirely. The separation of two bodies after impact, 
or striking together, is a proof that one or both are elastic. 
In general, most hard and dense bodies, possess this quality 
in greater or less degree. Ivory, glass, jnarble, flint, and ice, 
are elastic solids. An ivory ball, dropped upon a marble slab, 
will bound nearly to the fieiffht from which it fell, and no 
mark will be left on either. £idia rubber is exceedingly elas- 
tic, and on being thrown forcibly against a hard body, will 
bound to an amazing distanc^ 

/Putty, dough, and wet clay,\n-e examples of the entire want 
orelasticity, and if either of mese be thrown against an impe- 
diment, they will be flattened, stick to the place they touch, 
and never, like elsistic bodies, regain their former shapes. 

Among fluids, water, oil, and in general all such subs^nces 
as are denominated liquids, are nearly inelastic, while/air and 
the gaseous fluids) are the most elastic of all bodies. 

Brittlenessi is tne property which renders substances easily 
broken, or separated into irregular fragments. ^ This property 
belongs chiefly to hard bodies. 

It does not appear that brittleness is entirely opposed to 
elasticity, since in many substances, both these properties are 
united. Glass is the standard, or type of brittleness, and yet 



Why will glass scratch gold or platina 1 What metal can be made hard 
er soft at pleasure 1 What is meant by elasticity 1 How is it known that 
bodies possess this property 1 Mention several elastic solids. Give exam- 
ples of inelastic sohds. Do liquids possess this property 7 What are the 
most elastic of all substances 1 What is brittleness 1 Are brittleness and 
evei fi>aDd in the same siibstaneel Give axampliWi 
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t Mly or fine threads of this substance are highly elastic, as 
may be seen by the bounding of the one, ana the springing 
of the other. Brittleness often resuhs from the treatment to 
which substances are submitted. Iron, steel, brass, and cop- 
per, become brittle(whcn heated and suddenly cooled) but if 
cooled slowly, they are not easily broken. ^ 

Malleahility.-Xf^^ij^BbiMiy of being drawn under the ham- 
mer, or rolling press.) This property belongs to some of the 
metals, but not to all, and is of vast importance to the arts 
and conveniences of life. 

The Malleable metals are, gold, silver, iron, copper, and 
some others. Antimony, bismuth, and cobalt, are brittle me- 
tds. Brittleness is therefore the opposite of malleability. 

Gold lis the most malleable of all substances. It may be 
drawn under the hammer so thin that light may be seen 
through it. Copper and silver are also exceedingly malle- 
able. ^ 

Ductility i\% that property in substances which renders them 
susceptible of being drawn into wireT") 

We should expect that the most malleable metals would also 
be the most ductile ; but experiment proves that this is not the 
case. Thus, tin and lead may be drawn into thin leaves, but 
cannot be drawn into small wire. Gold is the most malleable 
of all the metals, but platina is the most ductile. Dr. Wollas- 
ton drew platina into threads not much larger than a spider's 
web. ^ 

Tenacity/^ common language called tou^\ness^'re^eiB to 
the force of cohesion among the particles of bodies) Tena- 
cious bodies are not easily pulled apart. There is a remark- 
able difference in the tenacity of different substances. Some 
possess this property in a surprising degree, while others are 
torn asunder by the smallest force. 

Among the malleable metals, iron and steel are the most 
tenacious, while lead is the least so. Steel is by far the most 
tenacious of all known substances.^ i^ A wire of this metal 
no larger than the hundredth part or an inch in diameter 
sustained a weight of 134 pounds, while a wire of platina of 

' How are iron, rteel, and brass, made brittle 1 What docs malleabilitv 
niftan 1 "What metals are malleable, and what ones are brittle 7 Which 
is the most malleable metal 1 What is meant by ductility 1 Are the mo^t 
malleable metals, the most* ductile 1 What is meant by tenacity? Ffooi 
what doeg this pxopeity arise t What metals are most tenacbos 1 
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the same size, would sustai^a weight of only 10 pounds, amf 
one of lead only 2 poundsTN Steel wire wUl sustain 39,000 
feet of its own length withocft hreaking. 

Recapitulation, — The common, or essential properties o^ 
bodies are, Qmpeneti ability, Extension, Figure, Divisibility 
Inertia, and AttractiorH Attraction is of several kinds, name 
ly, Attraction of cohesion. Attraction of gravitation, Capillary 
attraction. Chemical attraction. Magnetic attraction, and Elec* 
trical attraction* ^ 

The peculiar properties of bodies are/Density, Rarity, Hard- 
nes^ Elasticity, Brittleness, Malleability, Ductility, and Tena- 
city.) 

Force of Gravity. 

.^hc force by which bodies are drawn towards each othei 
in the njuss, and by which they descend towards the earth 
when suspended or let fall from a heightNs called the force 
oi gravity. 

-The attraction which the earth exerts on all bodies near its 
surface^^ called terrestrial gravity, and the force with which 
any substance is drawn downwards, is called its weight. 

All falling bodies tend downwards towards the centre of the 
earth, in a straight line from the point where they are let falL 
If then a body be let fall in any part of the world, the line of 
its direction will be perpendicular to the earth's surface. It 
follows, therefore, that two falling bodies, on opposite parts 
of the earth,, mutually fall towards each other. ) 

Suppose a cannon ball to be disengaged from a height op- 
posite to us, on the other side of the earth, its motion in re- 
spect to us, would be upward, while the downward motion 
from where we stand, would be upward in respect to those 
who stand opposite to us, on the other side of the earth. 

In like manner, if the falling body be a quarter, instead of 
half the distance round the earth from us, its line of direction 
would be directly across, or at right angles with the line al- 
ready supposed. 

What proportion does the tenacity of steel bear to that of platinaand 
lead 1 What are the essential properties of bodies 7 How many kinda of 
attraction are there 7 What are the jaeculiarproperties of bodies 7 What 
is gravity 7 What is tern^strial gravity 7 To what point in the earth io 
falling bodies tend 7 In what direction will two falling bodies from opposite 
pATtM of the earth tend, in respect to each other 7 In what direction will 
cms ftom half way between tiiejs loeet their line 1 
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Thii wfll he retdOv 1»de^* 
stood by fig. 4* wnere(^ 
circle is supposed to be tfie 
circumference of tlie eartl^ 
Of the ball lEalling towards it$ 
upper sur&oe, where we 
stand; 6, a ball lEalling to> 
wards the opposite side of the 
1^ earth, but ascendinff in re* 
spect to us, and (2, a m11 de- 
scending at the distance of a 
Suarter of the circle, from 
le other two, and crossing 
the line of their direction at 
right angles.^ 

it will be obvious, there- 
fore, that what we call up and 

down are merely^ektiTe^ terms, and that what is down in re* 
spect to us, is up in respect tn those who live on the opposite 
side of the eartn, and so the contrary. Consequently down^ 
every where means towards the centre of the earth, and up 
from the centre of the earthli because all bodies descend 
towards the earth's centre, from whatever part they are let 
fall. This will be apparent when we consider, that as tfie earth 
turns over every 24 hours, we are carried with it through 
the points a, </, and 6, fiff. 4 ; anJ therefore, if a ball is sup- 
posed to fall from the pomt a, say at 12 o'clock and the same 
ball to h\\ again from the same point above the earth, at 6 
o'clock, the two lines of direction will be> at right angles, as re- 
presented in the figure, for that part of the earth which was 
under a at 12 o'clock, will be under d at 6 o'clock, the earth 
having iii that time performed one quarter of its daily revolu- 
tion. At 12 o'clock at night, if the ball be supposed to fall 
egain,Sts line of direction will be at right andes with that of 
its last descent, and consequently it will ascena in respect to the 
point on which it fell 12 hours before, because the earth would 



How is this ihown by the figure 1 ' Are the terms up and down relative, 
or positive, in their meaning 1 What is un(]erBtoo<l by tUnen in any part 
of the earth 1 Suppose a ball be let fail at 12 and then at 6 o'clock, in what 
lUieaion would the lines of their descent meet each other 1 Sap{)08e two 
Mis to descend from opposite aides of the earth, what would be iMi dine- 
tiofi in respect to each other 1 

3 
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kftve I1m» fone Ihrongfa one half her daily rotation, and the 
point a would be al b. 

TThe relori^ or rapidity of every fallins; body, is uniformly 
•cQrieraled* or increased in its approach towurds the earth* 
from whatever height it ftUsN 

If a rock is roU^ from a^teep mountain, its motion is at 
first slow and gentle, but as it proceeds downward, it moves 
with perpetually increased velocity, seeming to gather fresh 
speed every moment, until its force is such that every obstacle 
is overcome ; 4rees and rocks are beat from its path, and its 
motion does not cease until it has rolled to a great distance on 
4he plain. 

^he same principle of increased velocity as bodies descend 
from a height, is curiously *llystrated by pouring molasses or 
thick syrup from an elevation to the ground. The bulky 
stream, of perhaps two inches in diameter, where it leaves the 
vessel, as it descends, is reduced to the size of a straw, or 
knitting needle ; but what it wants in bulk is made up in ve- 
locity, for the small stream at the ground, will fill a vessel 
just as soon as the large one at the outlet?) 

For the same reason, a man may leap- from a chair without 
danger, but if he jumps from the house top, (his velocity be- 
comes so much increased, before he reaches tne'ground, as to 
endanger his life by the blow^ 

It is found by experiment, that the motion of a falling body 
is increased, or accelerated in regular mathematical propor- 
tions. 

These increased proportions do not depend on the increased 
weight of the body, because it approaches nearer the centre of 
the earth, but on the constant operation of the force of gravity, 
which perpetually gives new impulses to the falling body, and 
increases its velocity. 

It has been ascertained by experiment, that a body, falling 
freely, and without resistance, passes through a space of lo 
feet and 1 inch)during the first second of tim6^ Leaving out 
the inch, which is not necessary for our presoht purpose, the 
Yatio of descent is as follows. 

Suppose the body &lls through a space equal to 16 feetthe 

What Is said concerning the motions of falting bodies 1 How is this in- 
sued Tdocity illustrated 1 Why is there any more danger in jumping 

finom the "house top than from a chair 1 What number of liwt doev a fiJling 

body pais through during Uie fint second 1 
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first second of time ; at the end of this space and time, it will 
have acquired such a degree of celerity as is sufficient to cany 
it through twice this space during the next second, though it 
should then receive no new imptuse from the cause by which 
its motion had been accelerated ; but if the same accelerating 
cause continue, it will carir the body 16 feet further ; on 
which account, it will have mllen in all four times 16 feet, or 
64 feet at the end of the second second ; and ^en it will have 
acquired such a degree of celerity as is sufficient to carry it 
through a double space in as much more time ; that is 4 times 
16 feet in one second more, even though the force of gravity 
or the accelerating force should cease to act. But this force 
still continuing to act in a uniform manner, it will again in 
equal time produce an equal effect, and will therefore add 16 
feet to the velocity already acquired, at the end of the second 
second, which beingv^64 feeti it will fall, 80 feet, or five times 
as far the third second, as it did the first. In three seconds, 
the velocity acquired will be 3 times that acquired at the end 
of the first second, which being twice 16 feet, is equal to 6 
times 16 feet, to which, again, is to be added the accelerating 
force 16 feet, making' 7 times 16 feet for the space passed 
through during the fourth second. 

Hence we learn that if a body moves at the rate of 16 feet 
during the first second, it will, move 48 feet during the next 
second, making in all 64 feet at the end of the second second, 
5 times 16 during the third, or 80 feet, and 7 times 16, or 112 
feet, in the 4th second, and so on in this proportion. 

Thus it appears, that to ascertain the velocity with which a 
body falls in any given time, we must know how many feet it 
fell' during the first second. (The velocity acquired in one 
second, and the space fallen through during that time, being 
the fundamental elements of the whole calculation, and all ^at 
are necessary for the computation of the various circumstances 
of falling bodiesiv< 

The difficulty of calculating exactly the velocity of a fiilling 
body from an actual measurement of its height, and the tim« 



How &T doe* it fall daring the next leoond 1 How ftr during the third ? 
Suppose the accelerating force should cease at the b Mi nning of the third ae- 
eond ; how far would it fall during that second 1 Why does it fidl more 
than this during thai aecondl How many times 16 ftet does a body move 
to the 4th second 1 What an the fimd vasntai akmnHs hy whioh lh» 
'doeitjof a falling body may be compnlfldl 
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whiA it tAm to readi the ground* is so great, that no acoo 
ntecomputation could be made from such an experii:u.enL 
lis difficulty has, however, been overcome by a curious 
of machinery, invented for this purpose by Mr. Atwood. 



Fig. 5. 
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This machine consists of two 
upright posts of wood, fig. 5 with 
cross pieces, as shown in the fig 
lire. The weights A and B, an. 
of the same size, and made to ba- 
lance each other very exactly, 
and are connected by the thread 
which passes over the wheel C 
JP is a ring through which the 
weight A passes, and G is a sta^e 
on which the weight rests in its 
descent. The ring and stage 
both slide up and down, and are 
fixed at pleasure by thumb 
screws. The post H, is a 
graduated scale, and the pendu- 
lum Kf is kept in motion by clock- 
work. L, is a small bar of me- 
tal, weighing a quarter of an 
ounce, and longer than the di- 
ameter of the ring F. 

When the machine is to be 
used, the weight A is drawn up to 
the top of the scale, and the ring 
and stage are placed a certain 
number of inches from each other. 
The small bar L, is then placed 
across the weight A, by means oi 
1 which it is made slowly to de- 



scend. When it has descended to the ring, the small weight 
L, b taken off by the rinff, and thus the two weights are left equal 
to each other. Now it must be observed, that the motion, 
and descent of the weight A is entirely owing to the gravi- 
tating force of the weight !•, until it arrives at the rinff JP, 
when the action of gravity is suspended, and the large weight 



Is the Telocity of a fiillii^ body caknlated firoro actual meaBonment, or by 
anadliiiil DMCunbe tha opraatioii of Mr. Atwood*a marhina ibr «ittini^ 
ibg tlM vclodtioi of fiJling bodiflak 
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eontmues to rooTe downwards to the stage^in coQMquenM of 
the Telocity it had acquired previously to that time.} « 

To comprehend the accuracy of this raachuie, it must be 
understood that the velocities of gravitating bociies are sap* 
posed to be equal, whether they are large or small, this being 
the case when no calculation is made for the resistance of the 
air. Consequently, the weight of a quarter of an ounce placed 
on the large weight Aj is a representative of all other solid 
descending bodies. The slowness of its descent, when com- 
pared with freely gravitating bodies, is only a convenience by 
which its motion can he accurately measured, for it is the tn* 
creasGrwf velocity which the machine is designed to ascertain 
and not the actual velocity of falling bodies. 

Now it will be readily comprehended, that in this respect, 
it makes no difference how slowly a body falls, provided U 
follows the same laws as other descending' bodies., and it has 
already been stated, that^ill estimates on this subject are made 
from the known distance a body descends during the. first so* 
cond of time. 

It follows, therefore, that if it can be ascertained, exactly 
how much faster a body falls during the third, fourth, or fifth 
second, than it did during the first second, by knowing 
how far it fell during the first second, we should be able to 
estimate the distance it would fall during all succeeding 
seconds. 

If, then, by means of a pendulum beating seconds, the 
weight A should be found to descend a certain number of 
inches during the first second, and another certain number 
during the next second, and so on, the ratio of increased de- 
scent would be precisely ascertained, and could be easily ap- 
plied to the falling of otfier bodies ; and this is the use to which 
thb instrument is applied. 

By this machine, it can also be ascertained, how much the 
actual velocity of a falling body depends on the force of gravi- 
ty, and how much on acquired velocity, for the force of gravity 
gives motion to the descending weight only until it arrives at 



After the smdl weight is taken off bv the ring why does the Urge weight 
•mtiniie to deKend 1 Does this machine ahow the actual velocitv of a nil- 
^ hody, or only its ineraaael How does Mr. Atwood*e machine ahow 
hswmaditliecelef^yof abodydspands vpsn^wl^y mdhiom mntkmk 
atgsnsd velocity 1 
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the rinf • after which i^e motion is continued by the velodiy 
it bad before acquired. ) 

From experiments accurately made with this machine, it has 
been fully established, that if the time of a falling body be di* 
▼ided into equal parts, say into seconds, the spaces through 
which it falls in each second, taken separately, will be as me 
odd numbers, (T, 3, 6, 7^9iand so on, as already stated. To 
make this plain, soppose'ihe times occupied by the falling body 
to be 1, % 3, and 4 seconds ; then the spaces fallen through 
will be as the squares of these seconds, or times, viz. 1,4, 9, 
and 16, the square of 1 being 1, the square of 2 being 4, the 
square of 3, 9, and so on. The distance fallen through, there- 
fore, during the second second, may be found, by taking 1, 
the distance corresponding to one second, from 4, the distance 
corresponding to 2 seconds, and is therefore 3. For the 3d 
second, take 4 from 9, and therefore the distance will be 5. 
For the fourth second, take 9 from 16, and the distance will 
be 7, and so on. During the first second, then, the body falls 
a certain distance, during the ne^t second, it falls three times 
that distance, during the third, five times that distance, during 
the fourth, seven times that distance, and so continually in that 
proportion. 

It will be readily conceived, that solid bodies falling from 
great heights, must ultimately acquire an amazing velocity 
by this proportion of increase. An ounce ball of lead, let 
^fiul from a certain height towards the earth, would thus 
aequire a force ten or twenty times as* ^reat as when shot 
out of a rifle. By actual calculation, it has been found that 
were the moon to lose her projectile force, which counter- 
balances the earth's attraction, she would fall to the earth 
in^our days and twenty hours^ a distance of 240,000 miles. 
Aoid were the e^th's projectile force destroyed, it would fall 
to the sun in (sixty-four dajrs and ten hours^^a distance of 
96,000,000 of miles. 

Every one knows by his own experience the different 



Sappote the timM of a &Uiiig body aie as the numbers 1, 9, 3, 4, what 
wB! be the nombeis ropwacn ting the spaces through wMeh it falls 1 Snppoee 
abodv falls 16 fiset the fiist seoondl, bow ftr will it fall the third secondl 
Woan H beposilbiB fi>r a rifle ball to aoquire agieater force by fallings than 
if abet finn a rifle) Hew lonf would it take the Moon to oome to th* 
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effects of .the same body falling from a ffreat or a small 
heiffht. A hoy will toss up his leaden bullet and catch it 
witn his hand, but he soon learns, by its painful effects, not to 
throw it too high. The effects of hail-stones on window 
glass, animals, and vegetation, are oflen surprising, and 
sometimes calamitous illustrations of the velocity of falling 
bodies.") 

It has been already stated that the velocities of solid bodies 
falling from a given height, towards the earth, are equal, or in 
other words, that an ounce ball of lead will descend in the 
same time as a pound ball of lead. 

This is true in thcoir, but there is a slight difference in 
this respect in favor of tne velocity of the larger body, owing 
to the resistance of the atmosphere. We, however, shall at 
present consider all solids of whatever size, as descending 
through the same spaces in the same times, this being exactly 
true when they pass without resistance. 

To comprehend the reason of this we have only to con- 
sider, that the attraction of gravitation in acting on a mass 
of matter ^ts on every particle it contains^ and thus every 
particle is drawn down equally and with the same force. The 
effect of gravity, therefore, is in exact proportion to the quan- 
tity of matterlthe mass contains, and not in proportion to its 
bulk. A balPof lead of a foot in diameter, and one of wood 
of the same diameter, are obviously of the same bulk ; but the 
lead will contain twelve particles of matter where the wood 
contains one, and consequently will be attracted with twelve 
times the force, and therefore will weigh twelve times as 
much. 

If then, bodies attract each other in proportion to the quan- 
titiea of matter they contain, it follows that if the mass of the 
earth were doubled, the weights of all bodies on its surface 
would also be doubled ; and if its quantity of matter were 
tripled, all bodies would weigh three times as much as they 
do at present 

It follows also, that two attracting bodies* when free to 
move, must approach each other mutually. If the two bodies 

What fiuniliar illuiitntioiis are mven of the ibiee acquiied by the nHod- 
ty offtlUng bodieel Will a amaB and a large body fiOl thimigh tbe eeme 
•paee in the same time 1 On what parts of a man of matter dme the feiee 
« gravity aetl le the etiect of gravity in propoitaim to bulk, or quantity of 
matlerl WeietheniaaeoftheeaithdoiiMed^ him iMiBh monaboaUiwe 
•rtigh tea we da now 1 



38 GRAVITT. 

contain Uke quantities of matter, their approach will be equal 
ly rapid, and they will move equal distances towards each 
other. But if the one be small and the other large, the small 
one will approach the other with a rapidity proportioned to the 
less quantity of matter it contains. 

It is easy to conceive, that if a man in one boat pulls at a 
rope attached to another boat, the two boats, if of the same 
size, will move towards each other at the same rate ; but if the 
one be large and the other small, the rapidity with which each 
moves will be in proportion to its size, the large one moving 
with as much less velocity as its size is greater. 

A man in a boat pulling a rope attached to a ship, seems 
only to move the boat, but that he really moves the ship is cer- 
tain, when it is considered, that a thousand boats pulling in the 
same manner would make the ship meet tliem half way. 

It appears, therefore, that an equal force acting on bodies 
containing different quantities of matter, move them with dif- 
ferent velocities, and that these velocities are in an inverse pro- 
portion to their quantities of matter. 

In respect to equal forces, it is obvious that in the cape of 
the ship and single boat, they were moved towards each other 
by the same force, that is, the force of a man pulling by a rope. 
The same principle holds in respect to attraction, for all bodies 
attract each other equally, according to the quantities of mat- 
ter they contain, and sinr.e all attraction is mutual/no body 
attracts another with a greater force than that by which it is 
attracted. 

Suppose a body to be placed at a distance from the eartli 
weighing two hundred pounds ;(the earth would then attract 
the body with a force equal to two hundred pounds^; and the 
body would attract the earth witli an equal force, otherwise 
their attraction would not be equal and mutual. Anotiier body 
weighing 10 pounds, would be attracted with a force equal 
to 10 pounds, and so of all bodies according to the quantity oi 



Suppose one body nKmng towaids another, three timet as laige, by the 
face of gra^ty, wluit would be their proportional vekxdties 1 How ia thii 
iUuatratedl DoeaalargeboJy attract a small one with any more force than 
it is attracted 1 Suppose a body weighing 200 pounds to be placed at adis- 
tanee firom the earth, with how nroch ftioe does the earth tttnet the bodji 
With whai Aim does the body attrwt the eaith 1 
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matter they contain ; ea«h body beings attracted by the earth 
with a force equal to its own weight, and attracting the earth 
with an equal force. 

If the man in the boat pulled the rope with the force of 100 
pounds, it is plain that the force on each vessel would b€(50 
pound^Vfor suppose each end of the rope to be thrown over 
a pulley, and a weight of 50 pounds attached to these ends, it 
would take just 100 pounds in the middle of tlie rope to balance 
them. 

It is inferred from these principles, that all attracting bodies 
which are free to move, mutually approach each other, and 
therefore that the earth moves towards every body which is 
raised from In surface, with a velocity and to a distance pro- 
portional to the v^uantity of matter thus elevated from its sur- 
face. But the velocity of the earth being as many times less 
than that of the falling body as its mass is greater, it follows 
that its motion is not perceptible to us. 

The following calculation will show what an immense mass 
of matter it would take, to disturb the earth's gravity in a per- 
ceptible manner. 

If a ball of earth equal in diameter to the tenth part of a mile, 
were placed at the distance of the tenth part of a mile from the 
earth's surface, the attracting powers of the two bodies would 
be in the ratio of about 512 millions of millions to one. For 
the earth's diameter being about 8000 miles, the two bodies 
would bear to each other about this proportion. Consequent- 
ly if the tenth part of a mile were divided into 512 million of 
millions of equal parts, one of these parts would be nearly the 
space through which the earth would move towards the falling 
body. Now in the tenth part of a mile there are about 6400 
inches, consequently this number must be divided into 512 mil- 
lions of millions of parts, which would give the eighty thou- 
sand millionth part of an inch through wnich the earth would 
move to meet a body of the tenth part of a mile in diameter. 

Sttppooe a rann in one boat, palls with the ibroe of 100 pounds at a lofM 
fiaten^ to another boat, what woaid be the force on each boat 'J How is 
this illustrated 7 Suppose the body ftlls towards the earth, is the earth set 
b motion by its attraction 7 Why is not the earth's motion towards it 
peicevtible 1 What distance would a body, the tenth part of a mile in 
diaraeter, placed at the distance of a teiith putof aroile, aUract the earth to- 
wards it? 
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AMCttU €f Bodie9. 
Htiring now explained end iDaetimted die influence ol 
grayity on bodies moving downward and hoTizontaDy, it 
remains to show how matter is inflneneed bj the same power 
when bodies are moved npward, or contraiy to the foroe o/ 
gravity. 

What has been stated in respect to the veloci^ of ftUing 
Fig. 6. bodies is exactly reversed in respect to those which are 
* thrown upwards, for as the motion of a falling body 
is increased by Uie action of gravity, so is it retarded 
by the same force, when thrown upwards. 

A bullet shot upwards, every instant loses a part of 
its velocity, until having arrived at the highest point 
from whence it was thrown, it then returns again to the 
earth. 

The same law that governs a descending body, 
governs an ascending one, only that their motions are 
reversed. 

The same ratio is observed to whatever distance the 
ball is propelled, or as the height to which it is thrown 
may be estimated from the space it passes through dur- 
ing the first second, so its returning velocity is in a like 
ratio to the height to which it was sent 

This will be understood by ^g, 6. Suppose a ball 
to be propelled from the point a, with a force which 
would carry it to the point h in the first second, to c in 
the next, and to d in the third second. It would then 
remain nearly stationary for an instant, and in return- 
ing, would pass through exactly the same spaces in the 
same times, only that its direction would be reversed. 
Thus it will fall from d to c, in the first second, to 6 in 
the next, and to a in the third. 

Now the force of a moving body is as its velocity and 
its quantity of matter, and hence the same ball will fall 
with exactly the same force that it rises. For instance^ 
a ball shot out of a rifle, with a force sufficient to over- 
come a certain impediment, on returning, would again 
I overcome the same impediment 



What effiset does the foree of gnnty have on bo&i mimnff npward t An 
npwaid and downwaid mntion governed hy the eame lawal Explain fig. 
6. What ■ the diflbieDce between the upwaidaiidiiBtiinuiifvekwity of te 
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. Fall of Light Bodiefk 

It has been stated that the earth's attraction acts equally 
oa all bodies, containing equal quantities of matter, and that 
in vacuo, all bodies, whether large or small, descend from the 
same heights in the same times. 

There is, however, a great difference in the quantities of 
matter which bodies of the same bulk contain, and conse- 
quently a difference, in the resistance which they meet with 
in passing through the air. 

Now, tne fall of a body containing a large quantity of matter 
in a small bulk, meets with little comparative resistance, while 
the fall of another, containing the same quantity of matter, 
but of larger size, meets with more in comparison, for it is 
easy to see that two bodies of the same size meet with ex- 
actly the same actual resistance. Thus, if we let fall a ball 
of lead, and another of cork, of two inches in diameter each, 
the lead will reach the ground before the cork, because, though 
meeting with the same resistance, the lead has the greatest 
power of overcoming it. 

This, however, does not affect the truth of the general law 
already established, that the weights of bodies are as the 
quantities 'of matter they contain. It only shows that the 
pressure of the atmosphere prevents bulky and porous sub- 
stances from falling with the same velocity 'with such as are 
compact or dense. 

Were the atmosphere removed, all bodies, whether light or 
heavy, lar^e or small, would descend with the same velocity. 
This fact has Ji)een ascertained by experiment in the following 
manner: f ' 

The air pump is an instrument, by means of which the 
air can be pumped out of a close vessef, as will be seen under 
the article Pneumatics. Taking this for granted at present, 
the experiment is made in the following manner : 



Why will not a sack of feathen and a stone of the same size fall through 
the air in the same time 1 Does this afiect the truth of the general law timt 
the weights of bodies are as thmr quantities of matter 1 What would be 
the effect on the fiiU of tight and heavy bodies, were the atmosphere re- 
moved 1 ' 



MOTIOK. 

On the pkte of the air pump Aj place the 
tall jar Bi which is open at the bottom, and 
has a brass corer fitted closely to the top. 
Through tJie cover let a wire pass, air tight, 
having a sm'all cross at the lower end. On 
each side of this cross, place a little stage, 
and ao contrive tliem tnat by turning the 
wire by the handle C, these stages shaU be 
upset. On one of the stages place a guinea 
or any other heavy body, and on the other 
place a feather. When this is arranged, let 
the air be exhausted from the jar by the 
pump, and then turn the handle C, so that the 
guinea and feather may fall from their 
places, and it will be found that they will 
both strike the plate at the same instant 
Thus is it demonstrated, that were it not for 
the resistance of the atnxosphere, a bag of 
feathers and one of guineas would fall from 
a given height with 3ie same velocity and in 
the same time. 



Motion. 

^Motion may be defined,' a continued change of place with 
regard to a fixed point. _ 

Without motion there would be no nsmg or settmg of tbe 
sun— no change of seasons— no fall of ram— no bmldm^ of 
houses, and finally no animal life. Nothing can be done with- 
out motion, and therefore without it, the whole universe would 

be at rest and dead. i.. t. ^ i. j 

In the lanffuaffe of philosophy, the power which puts a body 
In motion, is called force. Thus it is the force of gravity that 
overcomes the inertia of bodies, and draws them towards the 
earth. The force of water and steam gives motion to machi- 

For the sake of convenience, and accuracy in the applica- 
tion of terms, motion is divided into two kinds, viz. absolvie 
and relat ive, ^ 

How is it Droved that a feather and a guinea wUI fall through equal 
J^i^il!^^i^r^. where there la no ?e«iBtance1 How ^^J^t^ 
ifne motion? What would he the conaequence, were all m^on to^el 
What is that power called which poti a body in niotionl HowiawQltel 

Avidedl 




TELOCITY OF MOTIOIT. 9T 

Absolute moUon is a change of place with regard to a fixed 
(loint, aiid is estimated without reference to the motion of any 
other body. When a man rides along the street, or when a 
fessel sails through the water, they are both in absolute 
motion. 

I RelatiTe motion, is a change of place in a body, with respect 
to another body, also in motion, and is estimated from that 
other body, exactly as absolute motion is, from a fixed point 

The absolute velocity of the earth in its orbit from west to 
east, is 68,000 miles in an hour ; that of Mars, in the same di- 
rection, is 55,000 miles per hour. The earth's relative velocity 
in this case, is 13,000 miles per hour from west to east That 
of Mars comparatively, is 13,000 miles from east to west, be- 
cause the earth leaves Mars that distance behind her, as she 
would leave a fixed point ^ 

Resty in the common meaning of the term, is the opposite of 
motion, but it is obvious, that rest is oflen a relative term, since 
an object may be perfectly at rest with respect to some tfiingSy 
and in rapid motion in respect to others. Thus a man sitting 
on the deck of a steam-boat, may move at the rate of fifteen 
miles an hour, with respect to the land, and still be at rest 
with respect to the boat. And so, if another man was running 
on the deck of the same boat at the rate of fiAeen miles the 
hour in a contrary direction, he would be stationary in respect 
to a fixed point, and still be running with all his mighti with 
respect to the boat 

Velocity of Motion, 

V Velocity is the rate of motion at which a body moves from 
one place to another. 

Velocity is incjependent of the weight or masrnitude of the 
moving body. Thus a cannon ball and a musRet ball, both 
flying at the rate of a thousand feet in a second, have the same 
velocities. 

Velocity is said to be uniform^ when the moving body pass- 
es over equal spaces in equal times. If a steam-boat moves at 
the rate of 10 miles every hour, her velocity is uniform. The 
revolution of the earlh from west to east is a perpetual exam- 
ple of uniform motion. 

What is absolute modon? What is relative motion 1 What to the 
earth's relative velocity in respect to Mars 7 In what renpect is a man in a 
steam-boat at rest, ana in what rBsoect does Le mmvisl Whet to vetoci|f Y 
When to velocity muforml 



MOMENTUM. 

Velocity ig accelerated, when the rate of motion is constant- 
ly increased, and the moving body passes through unequal 
•paces in equal times. Thus, when a falling body moves six- 
teen feet durin? the first second, and forty-eight feet during 
the next secona, and so on, its velocity is accelerated. A body 
fidling from a height freely through the air, is the most perfect 
example of this kind of velocity. 

Retarded velocity, is when the rate of motion of the body is 
constantly decreased, and it is made to move slower and slow- 
er. A ball thrown upwards into the air, has its velocity con- 
stantly retarded by the attraction of gravitation, and conse- 
quently, it moves slower every moment. 

Force, or Momentum of Moving Bodies 

The velocities of bodies are equal, when they pass over 
equal spaces in the same time ; but the force with which bo- 
dies, moving at the same rate, overcome impediments, is in 
proportion to the quantity of matter they contain. This pow 
cr, or force, is called the momentum of the moving body. 

Thus, if two bodies of the same weight move with the same 
velocity, their momenta will be equal. 

Two vessels, each of a hundred tons, sailing at the rate ol 
six miles an hour, would overcome the same impediments, or 
be stopped by the same obstructions. Their momenta woula 
therefore be the same. 

The force, or momentum of a moving body, is in proportion 
to its quantity of matter, and its velocity. 

A large body moving slowly, may have ^ess momentum than 
a small one moving rapidly. Thus, a buUet, shot out of a gun, 
moves with much greater force than a stone thrown by the 
hand* The momentum of a body is found by multiplying its 
quantity of matter by its velocity. 

Thus, if the velocity be % and the weight % the momentum 
will be 4. If the velocity be 6 and the weight of the body 4, 
Uie momentum will be 24. 

If a moving body strikes an impediment, the force with 
which it strikes, and the resistance of the impediment, are 
equaL Thus, if a boy throw his ball against tne side of the 

When Is velocity accelerated % Give illostrationfl of these two kinds of 
velocity. What is meant by retarded velocity 7 Give an example of retard- 
«d valGNBity. What is meant by the momentum of a body? When will the 
iWHnenta of two bodies be equal 1 Give an example. When haa a mall 
body more momentam than a large one'} By what rule la the momentam 
•fa body found 1 
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haoBe, with the force cf 3, the hoine resists it vhh vi eqiml 
force, Bad the ball reb>iunda. If he throws it avainst a pane 
of glass with the same force, the glass having only the power 
of 3 to resist, the ball will go Ibrougb the gtus, still retaining 
one third of its force. 

From observations made on the elfecta of bodies striking 
each other, it is found that action and re-action are equal ; or, 
in other words, that force and resistance are equal. Thus, 
when a moving body strikes one that is at rest, the body at rest 
return'? the blow with equal force. 

This is illustrated by the well known feet, that if two per- 
sons strike their heads together, one being in motion, and the 
other at rest, they are boUi equally hurt. 

The philosophy of action and rc-action is finely illustrated 
bye number of ivory balls, suspended by threads, as in fig. 
Ftg. 10. 10, so as to touch each other. If 

the ball a be drawn from the per- 
pendicular, and then let fall, so 
as to strike the one next to it, the 
motion of tbe falling ball will be 
communicated tlirough the whole 
series, from one to. the other. 
None of the balls, except /, w^U 
however, ajipear to move. This 
will be understood, when we con- 
sider that the re-action of b, is 
just equal to the action of a, and 
thateachoftheotherballs, inlike 
I manner, acts, and re-acts, on the 
other,until tbe motion of a arrives 
at /, which, having no impedi- 
ment, or nothing tj act upon, is 
itself put in motion. It is, therefore, re-action, which causes 
lU the balls, except/, to rentain at rest. 

It is by a modihcation of the same principle, that rockets 
are impelled through the air. The stream of expanded air,-«r 
the fire which is emitted from the lower end of tne rocket, not 
only propels against the rocket itself, but against the atmo- 
spheric air, which, re-acting against the air so expanded, sendB 
the rocket along. 

When a moving bnly itriku an impediment, which nveivei the ^realcft 
■hock? WhutiBthi'lawararJiananilTe-ulinnl How ia ihia illaatntadl 
When one of the ivorj bsllB strike! the other, whj does the looU iliataBt 
MM onl/ morel On what prindpte ue rackets impellttd through Ihawil 
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It wai on account of not understanding the principles of ac- 
tion and reaction, that the man undertooK to make a fair wind 
for his pleasure boat to be used whenever he wished to sail. 
He fixe^l an immense bellows in the stern of his boat, not 
doubting but the wind from it would carry him along. Bm 
on making the experiment, be found that his boat went back- 
wards, instead of forwards. The reason is plain. The re 
action of the atmosphere on the stream of wind from the 6el 
lows, before it reacned the sail, moved the boat in a contrary 
direction. Had the sails received the whole force of the wind 
from the bellows, the boat would not have moved at ah, for 
then, action and re-action would have been exactly equal, and 
it would have been like a man's attempiing to raise himself 
orer a fence by the straps of his boots. 

eflected Motion, 

It has been stated th^t all bodies when once set in motion, 
would continue to mov^ straight forward, until some impedi- 
ment, acting in a contrary direction, should bring them to rest ; 
continued motion without impediment being a consequence of 
the inertia of matter. 

Such bodies are supposed to be acted upon by a single 
force, and that in the airection of the line in which they move. 
Thus, a ball sent out of a gun, or struck by a bat, turns neithei 
to the right, nor left, but makes a curve towards the earth, in 
consequence of another force, which is the attraction of gra- 
vitation, and by which, together with the resistance of the at- 
mosphere, it is finally brought to the ground. 

Tne kind of motion now to be considered, is that which is 
produced when bodies are turned out of a straight line by some 
force, independent of gravity. . 

A single force, or impulse, sends the bodv directly forward, 
but another force, not exactly coinciding with this, will give it 
a new direction, and bend it out of its iorrner course. 

If, for instance, two moving bodies strike each other ob- 
liquely, they will both be thrown out^of the line of their for- 
mer mrection. This is called rejlected motion, /because, it 
observes the same laws as reflected light. 

' In the experiment with the hoal and bel1o^«, why did the boat more 
backwards 1 Why would it not have moved at all, hail the sail received aii 
die wind from the bellows? Suppose a body is acted on, and set in motion hv 
a tingle force, in what direction will it move? What is the motion cal««4 
'^ a body ii turned out of a straight line by another force ? 
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^I^e bounding of a ball; the skipping of aston^ oyer the 
smooth sur&ce of a pond ; and the oblique direction of an 
apple, when ^^ouches a limb in its fall, are examj^es of re- 
flected motion. J 

By experfments on this kind of motion, it is found, that 
moving bodies observe certain laws, in respect to the direc- 
tion they take in rebounding from any impediment they hap- 
pen to strike. (Thus, a ball, striking on the floor, or wall of 
a room, makes the same angle in leaving the point where it 
strikes, that it does in approaching it^ 

Fig- 11- Suppose 0, 6, fiff. 11, 

to be a marble slab, or 
floor, and c to be an 
ivory ball, which has 
been thrown towards the 
floor in the direction of 
b the line c, e ; it will re- 
bound in the direction 
of the line e, d, thus making the two angle^/ and g exacUy 
equal. 

If the ball approached the floor under a larger or sn^aller 
angle, its rebound would observe the same rule. Thus, if it 

Fig. 12. fell in the line h k, fig. 

12, its rebound would be 
^ ^ in the line k t, and if it 

was dropped perpendi- 
cularly from / to A, it 
would return in the 
same line to L The an- 
gle which the ball makes 
with the perpendicular 
I A*, in its approach to 
the floor is called ;the 
angle of tnctdence^knd that which it makes in departing from 
the floor in the same line, is called )he mgle of reflection^ and 

these angles are always equal to each other* 

- I »■ ^.— ^— 

What ilhistratioiis can yoa give of reflected motion 1 What la wa a re ob- 
Boired in feflected motion ? Suppoee a ball to be thrown on the floor ia 
a eertain diiectioii. what role will it obeenre in rebounding 1 What la the 
angle called, whidi the ball makes In appraaehinff the lloorl Whia it tha 
ai^ called, whieh it makes in leaving tha floor 1 Whalbtfaa ~ 
behreen theoe anglesi 
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Compound Ma^n. 

Oowipomnd moltofl(u that motion, Vhich is produced by tw« 
or more forcos, acting in different directions, on the same 
body* at the lame timeJ This will be Readily understood by a 

Suppose the ball a, fig. 13, 
to be movinff with a certain 
velocity in me line b c^ and 
suppose that at the instant 
€ when it came to the point a, 
it should be struck with an 
equal force in the direction 
of d e, as it cannot obey 
the direction of both these 
forces, it will take a course 
between them, and fly off in 
the direction of/. 
The reason of this is plain. 
F The first force would carry 
die ban from ft to c ; the second would carry it from d te 
e^ and these two forces being equal, gives it a direction 
jut half way between the two^ and therefore it is sent to- 

The liiie a /,(ts called the diagonal of the square) und re- 
mfjU^fi^Qm the cross forces, h and d being equal to each other. 
ff one oCthe moving forces is greater than the other, then the 
diafooa] line will be lengthened in the direction of the greater 
&roef and instead of being the diagonal of a square, it will 
betome the diagonal of a parallelogram, or oblong square. 




Fig. 14. 




Suppose the force in the 
direction of a 5, should 
drive the Imll with twice the 
velocity of the cross force 
c d, fig. 14, then the ball 
would go twice as far from 
the line c d, as from the line 
6 a, and c /would be the 
(piagonal of a paralleloffmm 
whose length is double its 
breadth. ) 



-7^ 



WhU is omBpounit motion? Suppose a Iwl)^ moving with a certain 
iMce, ti be itnick croiiwiie, with Uie same force, in what direction will it 
■avol SttppoiB it tsbaslfaok with half its IbimerfiHoe, In what dkeotbn 
ullllt natal 
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^Jlippose a boat in crossing a river, is rowed forward at the 
rate of four miles an hour, and the current of the river is at 
the same rate, then the two cross forces wOl be equal, and the 
line of the boat will be the diagonal of a square, as in fig. 13. 
But if the current be four miles an hour, and the progress of 
the boat forward only two miles an hour, then the boat will go 
down stream twice as fast as she goes across the river, and 
her path will be the diagonal of a parallelogram, as in fig. 14^ 
and therefore to make the boat pass directly across the stream. 
It must be rowed towards some point higher up th^MMum 
than the landing place ; a fact well known to boatmen^ 

Circular Motion. 

Circular motion, 4iLthe motion of a body in a ring, or circiel^ 
^nd is produced by the action of two forcesT) By one of these 
forces, the moving body tends to fly off in a straight line, 
while by the other it is arawn towards the centre, and thus it 
it made to revolve, or move round in a circle. 

(The force by which a body tends to go off in a straight line') 
is called the centrifugal force ; that which keeps it from fly- 
ing away, and draws it towards the centre,^ is called the cen- 
trivetal force. 

Bodies moving in circles are constantly acted upon by these 
two forces. U me centrifugal force should cease{ the moving 
body would no longer perform a circle, but would directly ap- 
proach the centre of its own motion^ If the centripetal force 
should cease, <ffie body would instantly begin to move off in a 
straight line, tnis being, as we have explained, the direction 
which all bodies take when acted on by a single force.; 

Fig. 15. This will be Obvious by fig. 

15. f^uppose a to be a cannon 
ball, tied with a string to the 
centre of a slab of smooth mar- 
ble, and suppose an attempt 
be made to push this bail with 
^the hand in the direction of &; 
it is obvious that the string 
would prevent its going to that 
point ; but would keep it in tho 
circle. In this case, the string 
is the centripetal force. 




What 18 the Une A F, fig. 13, calledl What b the line B F, tg. 14 
caDedl How aie there firuies illiMtrated? What ia dicnlar moCionf 
flow is this motkmproduoedl What ia the oentriihgal fiwoel 
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Now mippose the ball to be kept reTolvinff with rapidity, 
its Telocity and weight will occasion its centrifugal force ; and 
if the string were cut, when the ball was at the point c. 
for iAstuice» this force would carry it off in the line to 
wards i.l . 

The greatei/the velocity /with which a body moves round 
in a cirdcy the greater will be the force with which it will fly 
off in a right line. 

^us, when one wishes to slin^ a stone to the greatest dis 
tance, he makes it whirl round with the greatest possible ra- 
pidity, before he lets it go) Before the invention of other 
warlike instruments, soldiers threw stones in this manner with 
great force, and dreadful effects. ^--^^ 

^Tie line^ about which a body revolvesjis called its axis oj 
mdtiOfi^ (The point round which it tUTiSlSor on which it rests, 
is called the centre of motion, Q[n fig. 16, the point d, to 
which the string is fixed, is the centre of motion. In the 
spinning top, a line through the centre of the handle to the 
point on which it turns, is the axis of motion) 

In the revolution of a wheel,/(Hal part which is at the great- 
est distance fi*om the axis of motib$i has the greatest velocity, 
and consequently, the greatest Centrifugal force. 

Fig. 16. Suppose the wheel, fig. 16, to 

revolve a certain number of times 
in a minute, the velocity of the 
end of the arm, at the point a* 
would be as much greater than its 
middle at the point 5, as its dis- 
tance is greater from the axis of 
motion, (because it moves in a lar- 
ger circl^and consequently the 
centrifugal force of the rim c, 
would in like manner, be as its 
distance from the centre of mo- 
tion. 

' Large wheels, which are designed to turn with great velo« 
rity, must, therefore, be made wi th corresponding strength. 

What 18 the centripetal force 1 Suppoee the centrifugal force should 
cease, in what direction would the body move 1 Suppoee the cent ripe tal 
force should cease, where would the liody ^o1 Ex))tain fig. 15. What 
eonstitutes the centrifiicral force of a body movmg round in a drcle 1 How 
is this illustrated 1 What is the axis of motion 7 What is thtf centre of 
motioAl GiveiUttstrations. VHiatpaitofaiwolfiiig wheslhaithsgiiil- 
MtMntiiiuiidforael Why) 
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Fig, 17. 



Aiherwise the centrifugal force will overcome the cohesive at- 
traction, or the streno^ of the fastenings, in which case the 
wheel will fly in iiiecesJ This sometimes happens to the large 
grindstones used in gun-factories, and the stone either flies 
away piece-meal, or breaks in the middle, to the great danger 
of the workmen. 

Were the diurnal velocity of the earth about seventeen 
times greater than it is, ^[pse parts at the greatest distance 
from its axis, would begin to fly ofl* in straight lines^ as tlie 
water does from a grindstone, when it is turned rapidl;^ 

(Sentre of Gravity, 
The centre of §^avny, in any body or system of bodies^^is 
that point upon which Vhe body, or system of bodiesj. acted 
upon only by gravity, will balance itself in all positions?) 

The centre of gravity, in a wheel made entirely of wood, 
and of equal thickness, (would be exactly in the middle, or in 
its ordinary centre of motiorit^ But if one side of the wheel 
were made of iron, and the othier part of wood,<^its centre of 
gravity woul4 be changed to some point, aside from the centre 
of the wheeip _ 

Thus, the centre of gravity in the 
wooden wheel, ^g, 17, would be at 
the axis on which it turns ; but were 
the arm a, of iron, its centre of mo- 
tion and of gravity would no longer 
be the same, but while the centre of 
motion remained as before, the cen- 
tre of gravity would fall to the point 
a. Thus the centre of motion and 
of gravity, though often at the same 
point, are not always so. 
When the body is shaped irregularly, or there are two or 
more bodies connected, the centre of gravity is the point on 
which they will balance without falling. 

Fig. 18. If the two balls a and &, fig. 18, 

^ ^ Weigh each four pounds, the centre of 

gravity will be a point on the bar equal- 
ly distant from each. 

Why must large wheels, turning with jjreat velocity, be strongly made 1 
What would be the consequence, were the velocity of the earth 17 times 
greater than it is 7 Where is the centre of gravity in a body 1 Where is 
ue centre of gravity in a wheel, made of wood ? If one side is made of 
wood, and the other of iron, where is this centre 1 Is the centre of motion 
•ad of gravity always the same 1 
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Fig. 19. But if one of the balk be heavier than 

the other, then the centre of gravity will, 
in proportion, approach the larger ball. 
Thus m fig. 19, if c weighs two pounds 
and d eight pounds, the centre of grav- 
ity will be four times the distance from 
c that It is from d. 

In a body of equal thickness, as a board, or a slab of mar- 
ble, but otherwise of an irregular shape, the centre of gravity 
may be foun^1)y suspending it, first from one point, and then 
from another, and marking by means of a plumb line the per- 
pendicular ranges from the point of suspension. The centre of 
gravity will be the point where these two lines cross each other. 
Thus, if the irregular shaped piece of board, fig. 20, be 



Fig. 20. 



Fig. 21. 




Fig. 23. suspended by 

making a hole 

^■^ — ^..^^^ througn it at 

\ T\ thepomta,and 

\ \,J^s. ^^ ^^® same 

V^ \ point suspend- 

\ ^y^ing the plumb 

V^ line c, both 

board and line 

will hang in 

the position represented in the figure. Having marked this 
line across the board, let it be suspended again in the position 
of fig. 21, and the perpendicular line again marked. The 
point where these lines cross each other, is the centre of gravi- 
ty, as seen by fig. 22. 

It is often of great consequence, m the concerns ot lite, 
that the subject of gravity should be well considered, since 
the strength of buildings, and of machinery, oflen depends 
chiefly on the gravitating point. 

Common experience teaches, that a tall ojject, with a nar- 
row base, or foundation, is easily overturned ; but common 
experience does not teach the reason, for it is only by under- 
•tandinff principles, that practice improves experiment. 

An upright object will fall to the ground when it leans so 
much that a perpendicular line from its centre of mvity falls 
beyond its base. A tall c himney, therefore, with a narrow 

"when two bodies are connected, as by a bar between them, where is th* 
centre of gravity 1 In a board of irregular shape, by what method » the cen 
tm of gravity found 1 
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foundation, such as are cohimonly built at the present day, 
will fall with a yery slight inclination. 

Now in falling, tne centre of gravity passes through the part 
of a circle, the centre of which is at the extremity of the base 
on which the body stands. This will be comprehended bv 
fig. 23. 

Fig. 23. Suppose the figure to be a block of 

marble, which is to be turned over, by 
lifling at the corner a, the comer d wonld 
be the centre of its motion, or the point 
on which it would turn. The centre of 
gravity, c, would, therefore, describe the 
part of a circle, of which the corner, d, is 
the centre. 

It will be obvious, after a little consideration, that tlie 
greatest difficulty we should find in turning over a square 
Elock of marble, would be, in first raising up the centre of 
gravity, for the resistance will constantly become less, in pro- 
portion as the point approaches a perpendicular line over the 
corner d, whicn, having passed, it will fall by its own gravity. 
The difficulty of turning over a body of a particular form, 
will be more strikingly illustrated by the figure of a triangle, 
or low pyramid. 

Pig. 24. In fig^ «j4, the centre of gravity is so 

low, and the base so broad, that in tuminff 
.it over, a great proportion of its wholS 
weight must be raised. Hence we see the 
firmness of the pyramid in theoiy, and ex- 
perience proves its truth ; for buildings are 
found to withstand the effects of time, and 
the commotions of earthquakes, in proportion as they approach 
this figure* 

The most ancient monuments of the art of building, now 
standing, the pyramids of Egypt, are of this form. 

When a bau is rolled on a norizontal plane, the centre o 
gnrity is not raised, but moves in a straight line parallel to 

In what direction miMt the centre of gravity be fk>m the outside of th« 
bsse, before the object will ftdl 1 In falling, the centre of gravit^r pasees 
through part of a euele ; where is the centre of this circle 1 In turnin g ov ei 
a tody, why does the force required constantly become lees ai|d less 1 Why 
H theie i«* ^fOB leauiied to overtum a cube, or square, than a pyramid ot 
Che same weightl When a hall is rolled oh a horizontal plane, in what d»- 
fftction does the eraftfe of gravity morel 
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the surface of the plane on which it rolls, and is consequently 
always directly over its centre of motion. , 

^' * Suppose, fig. 25, a is the plane on 

which the ball moves, b the line on 
which the centre of gravity moves, 
.^ and c a plumb line, showing that the 
centre of gravity must always be ex- 
actly over the centre of motion Jwh en 
the ball moves on a horizontal plane 
— then we shall see the reason why a 
ball moving on such a plane, will rest" 
with equal firmness in any position, and why so little force is 
required to set it in motion. For in no other figure does the 
centre of gravity describe a norizontal line over that of mo 
tion, in whatever direction the body is moved.) 

"^ • If the plane is inclined downwards, 

the ball is instantly thrown into motion 
because the centre of gravity then falls 
forward of that of motion, or the point 
on which the ball rests. 

This is explained by fig. 26, where 
a is the point on which the ball rests, 
or the centre of motion, c the perpen- 
dicular line from the centre of graWty 
as shown by the plumb weight c. 

If the plane is inclined upward, force 
is required to move the ball in that di- 
rection, because the centre of gravity then falls behind that 
of motion, and therefore the centre of gravity hai* to be con- 
stantly lifted. This is also shown by fig. 26, on y consider- 
ing the ball to be moving up the inclined plane, instead of 

down it. 

From these principles, it will be readily understocd, why 
so much force is required to roll a heavy body, as a hogshead 
of sugar, for instance, up an inclined plane. The centre of 
gravity falling behind that of motion, the weight is constantly 
acting against the force empjoyed to raise the body. 




Explain fig. 25. Why does a baU on a horizontal plane rent euiially well 
ill all positiong 1 Why does it move with little force 1 If theplane k in- 
clined downwardfl, why does the ball roll in that direction 1 Why is tovM 
required to move a ball op an inclined planel 
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Fig.S7. 




Fig. 28. 



From what has been stated, it will be nofler- 
stood, that the danger that a body will fall, is in 
proportions to the narrowness of its base, com- 
pared with the height of tlie centre of gravity 
above the base. 

Thus a tall body, shaped like fig. 27. will 
fall, if it leans but very slightly, for, the centre 
of gravity being far above tfie liase, at a, is 
brought over the centre of motion, b, with lit 
tie inclination, as shown by the plumb line. 
Whereas a body shaped like fig. 28, will not 
fall, until it leans much more, as again shown 
by the direction of the plumb line. 

We may learn from these comparisons, that 
it is more dangerous to ride in a nigh carriage 
than in a low one, in proportion to the elevation 
of the vehicle, and the nearness of the wheels 
to each other, or in proportion to the narrow- 
ness of the base, and the height of the centre of 
gravity.) A load of hay upsets where the road 
raises one wheel but little higher than the other, 
because it is high, and broader on the top than 
the distance of the wheels from each other; while a load of 
stone is very rarely turned over, because the centre of gravity 
is near the earth, and its weight between the wheels, mstead 
of being far above them. 

In man the centre of gravity, is between the hips, and hence^ 
were his feet tied together, and his arms tied to his sides, a 
very slight inclination of his body would carry the perpendi- 
cular of his centre of gravity beyond the base, and he would 
fall. But whe<n his limbs are free to move, he widens hia 
base, and changes tlie centre of gravity at pleasure, by throw- 
ing out his arms, as circumstances require. 

when a man runs, he inclines forward, so that the centra 
of gravity may hang before his base, and in this position, he is 
obhged to keep his feet constantly advancing, otherwise he 
would fafll forward. 




I 



What is the danger that a body will fall proportioned tol Why is a bo. 

, shaped like fig. 27, more eauly thrown down, than one shaped like fig. 

'^ Hence, in nding in a carriage, how is the danser of upsetting propor* 

1 Where is the centre of a man's gravity 1 Why wUfaniui&Uwitll 



1 
oned 
a sHght inclination, when his feet and axnis are tied 1 



■»^'«. 




BCtUILIBRIVK. 

^' _ Thus, suppose the same bar of iron, 

whose inertia was overcome by raising 
the centre, to have balls of different 
weights attached to its ends ; then the 
centre of inertia would no longer re- 
main in the middle of the bar, but would be changed to the 
point a, fig. 29, so that to lift the whole, this point must be 
raised, instead of the middle, as befojr^. 

Equilibrium, 

Wien two forces counteract, \ or balance each other/ they 
iifQ said to be in equilibrium, \ 

jit is not necessary for this pur J^ose, -that the weights oppos- 
ed to each other should be equally heavy, for we have just seen 
that a small weight placed at a distance from the centre of 
inertia, will balance a large one placed near it. To produce 
equilibrium, it is only necessary, that the weights on each 
side of the support should mutually counteract each other, or 
if set in motion, that their momenta should bo equal. 

A pair of scales are in equilibrium, iwhen the beam is in a 
horizontal positionV^ 

To produce eqtrtfibrium in solid bodies, therefore, it is only 
Mcessary to support the centre of inertia, or gravity. 

Fig. 30. If a body, or several bodies, con- 

nected, be suspended by a string, 
as in iig. 30, the point of support 
is always in a perpendicular line 
above the centre of inertia."^ The 
plumb line d, cuts the bar connect- 
ing the two balls at this point 
Were the two weights in this figure 
equal, it is evident that the hook, or 
point of support; must be in tlie mid- 
dle of the string, to preserve the horizontal position. 

When a man stands on his right foot, he keeps himself in 
eauilibrium, by leaning to the right, so as to bring his centre 
01 gravity in a petpendicular line over the foot on which he 
ilaads. 

-^—^^^-^•^•'^—^^^^^—^—^^^^—^^^ — — - — - 

Why b the point of inertia changed, by fixiimr diffisrent weights to the 

^l of the iron bar 1 What is meant by e<iuilibniiin 1 To produce equt 

*— , moKt the weights be equal ? When ui a pair of scales in equilibrium 

_ a body is suspended by. a atiiqg* where must the support be with vt 

la thi point of iasK^ t 
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CktrviUnear^ or bent Motion* 
We have seen that a single force acting on a body, driyct U 
straight forward, and that two forces acting crosswise, driTCil 
midway between the two, or give it a diagonal direction. 

Curvilinear motion differs from both these, the direction of 
the body being neither straight forward, nor diagonal, but 
throud](^ line which is curved) 

This Kfnd of motion may be in any direction, but when it 
is produced in part by gravity, its direction is always towards 
th^ earth. 

^ stream of water from an aperture in the side of a vessel, 
as it'&Us towards the ground, is an example of a curved line, 
and a body passing through such a line, is said to have curvili' 
near motion. Any body projected forward, as a cannon ball 
or rocket, falls to the earth in a curved line! ; 

It is the action of gravity across the course of the stream, 
or the path of the ball, that bends it downwards, and makes it 
fornua curve. This motion is therefore the result of two for- 
ces, Qiat of projection, and that of gravit^T) 

The shape m the curve, will depend(oh' the velocity of the 
stream or baly When the pressure of Uie water is great, the 
stream, near me vessel, is nearly horizontal, because its velo- 
city is in proportion to the pressure. When a ball first leaves 
the cannon, it describes but a slight curve, because its projec- 
tile velocity is then greatest. 

The curves prescribed by jets of 
water, under different degrees of pres- 
sure, are readily illustratecT by tapping 
a tall vessel in several places, one 
above the othery 

Suppose fig. 31 to be such a vessel, 
filled with water and pierced as repre- 
sented. The streams will form curves 
differing from each other, as seen in 
the figure. Where the projectile force 
is greatest, as from the lower orifice, 
the stream reaches the ground at the 

freatest distance from the vessel, this 
istance decreasing, as the pressure 



Fig. 31. 




What i» meant by curvitinear motion 1 What are examplm of this kind 
ofmotioiil What two forces produce this motionl On what does the 
ihapeofthecamdqpeiid? How are the carves deicnbedbj jets of watMT 
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Iieeomes less towards the top of the vessel The action of 
fravity being always the same, the shape of the curve de- 
scribed, as just stated, must depend on the velocity of the mov- 
ing body ; but whether the projectile force be great or small, 
the moving body, if thrown horizontally, will reach the ground 
firom the same height in the same time. 

This, at firbt thought, would seem improbable, for without 
consideration, most persons would assert, very positively, that 
if two cannon were fired from the same spot, at the same in- 
stant, and in the same direction, one of tne balls falling hall 
a mile, and the other a mile distant, that the ball which went 
to the greatest distance, would take the most time in perform- 
ing its journey. ^ - 

But it must be remembered thatf the projectile fo^ce does 
not in tlie least interfere with the force of gravity .1 A baU 
flying horizontally at the rate of a thousand feet puer second, 
IB attracted downwards with preciselv the same force as one, 
iyins only a hundred feet per second, and must therefore de 
tcend the same distance in tlie same time. 

The distance to which a ball will go, depends on the force 
of impulse given it the first instant, and consequently on its 
projectile velocity. If it moves slowly, the distance will be 
diort — ^if more rapidly, the space passed over will be greater. 
It makes no difference, then, in respect to the descent of the 
ball, whether its projectile motion be fast, or slow, or whether 
H moves forward at all. 

This is demonstrated by experimei:t. Suppose a cannon to 
be loaded with a ball, and placed on. tiie top oi a towef, at such 
a height from the ground, that it would take just three seconds 
for a cannon ball to descend from it to the ground, if let faU 
perpendicularly. Now suppose the cannon to be fired in an 
6xact horizontal direction, and at thfi same instant, the ball to 
be dropped towards the ground. (They will both reach the 
ground at the same instant, provided its surface be a horizon- 
tal plane from {lie foot of the tower to the place where the 
projected ball strikes.^ 

Wfaftt <Hfl*eienoe is there in respect to the time taken by a body to reach 
tte ground, whether the curve be ^-at or smail 1 Why do bodies forming 
Sfleient curves from the same height, reach the ground at the same time 1 
diippose two balls, one flying at the rate of a thousand, and the other at the 
fOe of a hundred feet per second, which would descend most during the se- 
dQad/t Does it make any difference in respect to the descent of the balL 
frtiedier it hfts & projectile motion or not 1 Suppose, then, one ball be fired 
mn a cannon, and another let &U from the same heurht ai the saiDB kMtant 
vwAl thsy both leadi the ground at the iune time 1 
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This wiH be made plain by fir. 3% where a is the perpen- 
dicular line of the descending ball, c h the curvilinear path ol 
that projected from the cannon, and d» the horiioata] line 
from the foot of the tower. 




The reason why the two balls will reach the ground at the 
sanie time, is easily comprehended. 

During the first second, suppose that the ball which is 
dropped, reaches 1 ; during the next second it falls to 2, and 
at tne end of the third second it strikes the ground. Mean- 
time, the ball shot from the cannon is projected forward with 
such velocity as to reach 4 in the same time thai the other 
is falling to I. But the projected ball falls downward exactly 
as fast as the other, for it meets the line 1, 4, which is parallel 
to the horizon at the same instant During the next second, 
the projected ball reaches 5, while the other arrives at 2; 
and nere again they have both descended through tbe same 
downward space, as is seen by the line 2, 5, whicn is parallel 
with the other. During the third second, the ball from ^e 
cannon, will have nearly spent its projectile force, and there- 
fore, its motion downward will be greater, while its motion 
forward will be less than before. The reason of this will 
be obvious, when it is considered, that in respect to gravity, 
both balls follow exactly the same law, and fall through equal 
spaces in equal times. Therefore as die falling ball descends 
through the greatest space during the last second, so that 
from ue cannon/having now a less projectile motion, its down- 
ward motion is more direct, and, like an falling bodies, its velo- 
city is increased as it approaches the earth. - 

Explain fig. 32, showing the leason whv tlw two balls will reach tha 
fioaiid at the aame tame. Why does the baD approach the earth moie 
a^v ia the fawt part of the curve, than in the first part 1 
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From these principles it may be inferred, that th^ hori- 
zontal motion of a body through the air, does not in the least 
interfere with its gravitating motion towards the earth, and 
therefore that a rifle ball, or any other body projected forward 
horizontally, will reach the ground in exactly the same period of 
time, as one that is let fall perpendicularly from the same height. 
The two forces acting on bo<lies which fall through curved 
lines, are the same as the centx^ugal and centripetal forces, al- 
ready explained ; /the centrifu^aUtii case of the ball, being caused 
by the powder--fQie centripetalweing the action of gravity. 

Now, it is obvious, that the space through wi^ich a cannon 
ball, or any other body, can^e thrown, depends^n the velocity 
with which it is projectedTjfor the attraction of gravitation 
and the resistance of the air^dcting perpetually, the time which 
a projectile can be kept in motion, through the air, is only a 
few moments. 

If, however, the projectile be thrown from an elevated situ 
tion, it is plain that it would strike at a greater distance than 
if thrown on a level, because it would remain longer in the 
air. Ever}' one knows that he can throw a stone to a greater 
distance, when standing on a steep hill, than when standing 
on the plain below. 

Bonaparte, it is said, by elevating the ran^e of his shot, 
bombarded Cadiz from the distance of fi\e miles. Perhaps, 
then, from a high mountain, a cannon ball might be thrown to 
the distance of six or seven miles. 

^uppose the circle, fig- 
Sbrto foe the earth, and a 
a high mountain on its 
surface. Suppose that 
this mountain reaches 
above the atmosphere, or 
is fifty miles high, then a 
cannon ball might perhaps 
reach from a to 6, a dis- 
tance of eighty or a hun- 
dred miles, because the 
resistance of the atmo- 
sphere hems out of the 
calculation, it would have 
nothing to contend with, 
except the attraction ol 




What is the force calleil which thipws a bdl ibnnurd 1 
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graTitation. If, then, one deg^ree of foree» dr yelodtf* wooM 
send it to 6, another would send it to c : and if the force was 
increased threeL times, it would fall at <2, and if four times, it 
would pass to e\ If now we suppose the force to be about tea 
times greater than that with which ^ cannon ball is projected, 
it woiud not fall to the earth at any of these points, out would 
continue its motion, until it again came to the point a, the 
place from which it was first projected. It would now be in 
equilibriiim, the centrifugal force being just equal to that of 
gravity, and therefore it would perform another, and another 
revolution, and so continue to revolve around the earth per^ 
pqfoally. 

le reason why the force of gravity will not ultimately 
brihg it to the earth, is, that during the first revolution, the 
effect of this force is just equal to that exerted in any other 
revolution, but neither more nor less ; and, therefore, if the 
centrifugal force was sufficient to overcome this attraction du- 
ring one revolution, it would also overcome it during the next^* 
It IS supposed, also, that nothing tends to affect the projectile 
force iexcept tliat of gravity, and the force of this attraction 
would be no greater during any other revolution, than during 
the £rst. 

In other words, the centrifugal and centripetal forces are 
supposed to be exactly equal, and to mutually balance each 
other ; in which case, the ball would be, as it were, suspended 
between them. As long, therefore, as these two forces con- 
tinued to act with the same power, the ball would no more 
deviate from its path, than a pair of scales would lose their 
balance without more weight on one side than on the other. 

It is these two forces which retain the heavenly bodies in 
their orbits, and in the case we have supposed, our cannon 
ball would become a little satellite, moving perpetually round 
the earth. 

Resultant Motion* 

Suppose two men to be sailing in two boats, each at tht 

— : . . — . _, — - .. - - . - . — ^■^— 

What is that allied, wluch brings it to the ground 1 On what does ths 
(fistanoe to which a projected body may be thrown depend 1 Why does the 
distance depend upon the velocity 1 Explain H^. 33. Suppose the velocity 
of a cannon Hall shot from a'mountain 50 aules high, to be ten times its usua* 
fate, where would it stop 1 When would this ball be in equilibrium 1 Why 
Would not the force of gravity ultimately bring the ball to the earth 1 Am 
the ftRst revolotion, if &e two inosi oontinuMl the lame, woukl not the 
tion of the ball be perpetuall 
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rate of four mfles an hour, at a short distance opposite i - 
€»ther, and suppose as ihey are sailing along in this manner 
one of the men throws |he other an apple. In respect to the 
boatSy the apple would pass directly across, i 'om one to the 
othor, that ^s, its line of direction would he perpendicular to 
the sides of the boats. But its actual line through the air, 
would be oblique, or diagonal, in respect to the sides of the 
boats, because in passing from boat to boat, it is impelled by 
two forces, viz. the force of the motion of the boat forward, 
and the force .by which it is thrown by the hand across this 
motion. 

This diagonal motion of the apple is called ^^ the resultant^ 
or the resulting motion) because it is the effect,' or result, of 
two motions, resolved into one?^ Perhaps this will be more 
Fig. 34. clear by hg. 34,^here a b, and c 

d, are supposes to be the sides 
■^ of the two boats, and the line e fi 
that of the apple. Now the apple, 
when thrown, has a motion with 
the boat at the rate of four miles 
^ an hour, from c towards d, and this 
motion is supposed to continue just 
though it had remained in the boat. Had it remained in the 
boat during the tiiqe it was passing from e to /, it would have 
passed from e to h^ But we suppose it to have been thrown 
at the rate of eight miles an hour in the direction towards g, 
and if the boats are moving south, and the apple thrown to- 
wards the east, it would pans, in the same time, twice asJar 
towards the east as it did towards the south. Therefore, in 
respect to the boats, the apple would pass in a perpendicular 
line from the side ^of one to that of the other, 5>ecause they 
are both in motion^but in respect to one perpendicular line 
drawn from the point where the apple was thrown, and a 
parallel line with this, drawn from the point where it strikes 
the other boat, the line of the apple would be oblique. This 
will be clear, when we consider that when the apple is thrown, 
the boats are at the points e and ^, and that when it strikes,, 
they are at h and /, these two pomts being opposite to each 
other. 

Suppose two boats, sailing at the same rate and in the same direction, L 
an apple be tossed from one to the other, what will be its dinxstion in respect 
to the boats ? What would be its line through the air, in respect to the boats 1 
What is this kind of motion called t Why is it called xesultant motioQ 1 
Explain i^;. 31 
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The line e,/» through which the apple is thrown, is called 
the diagonal of a paralleJogram, as already explained under 
compound motioin)!^' >^ 

On the above pnnciple,^^ two ships, daring a battle, are 
sailing before the wind at equal ratesA^he aim of the gunners 
will be exactly the same as though tney stood still 7 whereas 
if the gunner nres from a ship standing' still, at anotticr under 
sail, he takes his aim forward of the mark he intends to hit, 
(jbecause the^hip would pass a little forward while the ball is 

foing to he» And so, on the contrary, if a ^hip in motion 
res ft^ anotner standing still, the aim must be^ehind the 
maribibecause, as the motion of the ball partakes of that of 
Uie smp, it will strike forward of the point aimed atJ 

For tlie same reason, if a ball be dropped from the topmast 
of a ship wider sail, it partakes of the motion of the ship for- 
ward, and will fall in a line with the mast, and strike the same 
point on the deck, as though the ship stood still. 

If a man upon the full run drops a bullet before him from 
the height of his head, he cannot run so fast as to overtake it 
before it reaches the ground. 

It is on this priiici]^e, that if a cannon ball be shot up ver- 
tically from the earth, it will fall back to the same point ; for 
althoug^h the earth moves forward while the ball is in the air, 
yet as it carries this motion with it, so the ball moves forward 
also, in an equal degree, and therefore comes down at the 
same place. 

I^orance of these laws induced tlie storv-making sailor to 
tell his comrades, that he once sailed in a ship which went so 
fast, that when a man fell from the mast-head, the ship sailed 
away and left the poor fellow to strike into the water behind 
her. 

Pendulum, 

A pendulum^ a heavy body, such as a piece of brass, or 
lead, suspended by a wire or cord, so as to swing backwards 
and forwardsT) 

Why would the fine of the apple be actually perpendicular in respect to 
the boats, but oblique in respept to parallel lines drawn from where it was 
thrown, and where it struck iC, How is this further illustrated 7 When the 
ihips are in equal motion, wnere does the gunner. talte liis aimi Why does 
he aim fbrwaid of the maik, when the other shio is in motion 1 If a ship ia 
motion fires at one standing still, where must be the aim ? Why, in this 
case, must the aim be behind the mark 1 What other illustradons are give* 
ofreeiiltaiit motkni 1 What is a pendulum t 




60 PENDULUM. 

/When a pendulum swings, it is said to vtbraM and tluit 
pftit of a circle through which it vibrates, is called(ra9 arc. ^ 

The times of the vibration of a pendulum are very nearly 
•qual, whether it pass through a greater or less part of its arc. 

Fig. 35. ^ Suppose a and 

ft, fig. 35, to be 
two pendulums 
of equal length, 
and suppose the 
weights of each 
^ are carried, the 
one to c, and the 
other to cZ, and 
both let fall at 
the same instant; 
tlieir vibrations would be equal in respect to time, the one 
passing through its arc from c to e, and so back again in the 
same time that the other passes from 4 to/, and back again. 

The reason of this appears to be, (hat when the pendulum 
is raised high, the action of gravity draws it more directly 
downwards, and it therefore acquires, in fallinir, a greater 
eomparative velocity than is proportioned to the trifling differ- 
epfie of heighO 

CIn the common clock, the pendulum is connected with 
heel work, to regulate the motions of the hands, and with 
weights by which the whole is moved. The vibrations of the 
pendulum are numbered by a wheel having sixty teeth, which 
revolves once in a minute. Each tooth, therefore, answers 
to one swing of the p^dulum, and the wheel moves forward 
one tooth in a second,/ Thus the second hand revolves once 
in every sixty beats of the pendulum, and as these beats are 
seconds, it goes round once in a minute. By the pendulum, 
the whole machine is regulated, for the clock goes faster, or 
slower, according to its number of vibrations in a given time. 
The number of vibrations which ?. pendulum makes in a given 
time, depends/ffpon its length,pecause a long pendulum does 
not perform i|^ journey to and^om the corresponding points 
f its arc so soon as a short oneS 

What is meant by the vibration of a p»dulam 1 What is that put of a 
circle calfed, through which it swings t FThy does a penduium vibrate in 
tqual time, whether it goes through a spaittll or large part of its arcl De- 
scribe the common clock. How many vibrations has the pendulum in a 
minute 1 On what depends the number of vibratu>ns whica a pendulum 
makes in a ghee lime 1 
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As its motion of the clock is regulated entirely bjr die 
pendulum, and as the number of vibrations are as its leiiffth» 
the least variation in this respect will alter its rate of ffomg. 
To beat seconds, its length must b^aboui39 inches? £i the 
common clock, ue length is regulated by a screw, which 
raises and lowers the weigfi^ But as the* rod to which the 
weight is attached, is subject to variations of length V? conse- 
quence of the change ofjne seasons, being contracted by cold 
and lengthened by heat^^e common clock goes faster m win 
ter than in summer. /^ 

Various means have been contrived to counteract the effects 
of these changes, so that the pendulums may continue the same 
length the whole year. Amon^ inventions for this purpose, 
the gridiron pendulum is considered the best. It is so called, 
because it consists of several rods of metal connected together 
at each end. 

•The principle on which this pendulum is constructed, is de- 
rived from the fact, that some metals dilate more by the same 
degrees of heat than others. Thus brass will dilate twice as 
much by heat, and consequently contract twice as much by 
cold, as steel. If then these difTerences could be made to 
counteract each other mutually, given points at each end of a 
Rvstem of such rods would remain stationary the year round, 
and thus the clock would go at tlie same rate in all climate^t 
and during all seasons. 
Fig. 36. This important object is accomplished by the fol- 
f lowing meons. 

I Suppose the middle rod, fig. 36, to be made of 

brass, and the two outside ones of steel, all of the 
same length. Let the brass rod be firmly fixed to 
the cross pieces at each end. Let the steel rod a, 
be fixed to the lower cross piece, and 6, to the upper 
cross piece. The rod a, at its upper end passes 
through the cross piece, and in like manner, 6 
passes through the lower one. This is done to pre- 
vent these small rods from playing backwards and 
forwards as the pendulum swings. 
Now as the middle rod is lengthened by the heat 
>s^ twice as much as the outside ones, and the outside 
2L rods together are twice as long as the middle one, 
^^ ihe actual length of the pendmum can neither be 

Wliat is the medium lenf^th of a pendulum beating aeoondsl Why 
does a common dock go faster m winter than in summer 1 

6 
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inerMsed nor diminUied hy die Taruitioiui of tempem- 
ture. 
Fiff.37. 
j^fC To make this still plainer, suppose the lower 
cross piece, fig. 37, to be standing on a table, so that 
it could not be lengthened downwards, and suppose, 
by the heat of summer, the middle rod of brass 
^ should increase one inch in length. This would 
elevate the upper cross piece an inch, but at the 
same time the steel rod a, swells half an inch, and 
the steel rod b, half an inch, therefore, the two 
points c and d, would remain exactly at the same 
distance from each other. 
As it is the force of gravity which draws the weight of the 
pendulum from the highest point of its arc downwards, and 
as this force increases, or diminishes, as bodies approach to- 
wards the centre of the earth, or recede from* it, so the pendu- 
lum will vibrate faster, or slower, in proportion as this attrac 
tion is stronger or >veaker. 

Now, it is found that the earth at the equator rises higher 
from its centre, than it does at the poles, for towards the 
poles it is flattened. The pendulum, therefore, beings more 
strongly attracted at the poles than at the equator,"^ vibrates 
faster. For this reason, a clock that would keep exact time 
at the equator, would gain time at the poles, for the rate at 
which a clock goes, depends on the number of vibrations its 
pendulum makes. Therefore, pendulums, in order to beat 
seconds, ^ust be shorter at the equator and longer at tlie 
poles.^ 

' For the same reason, a clock which keeps exact time at 
th^oot of a high mountain would move slower on its top. 

^here is a short pendulum, used by musicians for marking 
time, which may be made to vibrate fast or slow, as occasion 
requires. This little instrument is called a metronome, and 
besides the pendulum, consists of seveiial wheels, and a spiral 
spring, by which the whole is moved.j This pendulum ^is only 






What is neoeasary in respect to the pendujum, to make the clock go true 
the year round 1 What ia the principle on which the gridiron pendulum is 
constructed 1 What are the metals of which this instrument is made? EIx- 
plain fig. 36, and ^ve the reason why the length of the pendulum will not 
change by the variations of temperature. Explain fig. 37. What is tlio 
downward ferce which makes the pendulum vibrate 1 Explain the reason 
why the same clock would go faster at the poles and slower at the equator. 
How can a ckick whkh goes true at the equator be made to go true at the 
polosl 
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ten or twelve inches Ion?, and instead of being suspended by 
the end, like other pendmums,. the rod is prolonged abore tlie 
point of suspension, and there is a ball placed near the upper^ 
as well as at the lower eztremityi 
Fig. 38. ^ 

This arrangement will be understood 
by fi^. 38, wnere a is the axis of sus- 
pension, h the upper ball, and c the 
lower one. Now when this pendulum 
vibrates from the point a, the upper 
ball constantly retards the motion of 
the lower one, ^y in part counterba- 
lancing its weight, ana thus preven - 
inff its full velocity downwards, j 

Ferhaps this will be more apparent, 
by placing the pendulum, fig. 39^ for 
a moment on its side, and across a 
Fig. 39. bar, at the point of suspension. 

In this position, it will he seen. 

Of that the little ball would prevent 
O^ ^® large one from falling with 
' its full weight, since, were it 
moved to a certain distance from 
the point of suspension, it would balance the large one, so that 
it would not descend at all. It is plain, therefore, that the 
comparative velocity of the large ball, will be in proportion 
as the small one is moved to a greater or less distance from 
the point of suspension. The metronome is so constructed, 
(tlie little^ball being made to move up and down on the rod^ at 
pleasure} and thus its vibrations are made to beat the time of 
a quick, or slow tune, as occasion rt«;uires. 

By this arrangement, the instrument is :r>ade to vibrate every 
two seconds, or every half, or quarter of a second, at pleasure. 




. MECHANICS. 

Mechanic8f}B aWence/tvhich investigates the laws and ef- 
fects of force and motion^ 

Will a clock keep eq^I time at the foot, and on the top of a hi^h moun- 
tain? Why will it not T What is the mefcronome 1 How does this pendu- 
fami differ IVom oommon ptniduhimsl How does the upper hall retard the 
motkm of the lower one? How is the metronome made to go iasler or f4ower 
atpleasarel WhatismaehuileBl 
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The practical object of this science is, ^o teach the best 
modes of overcoming resistances by means of mechanical 
powers,^ and to apply motion to useful purposes, by means ot 
machineryj ^ 1 

A machine na any instrument by which power, motion, ci 
Telocity, is applied, or regulated^ 

A machine may be very simple, or exceedingly complex. 
Thu8,VA .^in/ |s a machine for fastening clothes, and a steam 
enfine is a machine for propelling mills and boats. 

As machines are constructed for a vast variety of purposes, 
tfieir forms, powers, and kinds of movement, must depend on 
their intended uses. 

^ Several considerations ought to precede the actual construc- 
tion of a new or untried macnine ; for if it does not answer the 
purpose intended, it is commonly a total loss to the builder. 

Many a man, on attempting to apply an old principle to a 
new purpose, or to invent a new machine for an old purpose, 
has been sorely disappointed, having found, when too late, 
that his time and money had been thrown away, for want ol 
proper reflection, or requisite knowledge. 

If a man, for instance, thinks of constructing a machine for 
Eaisiiig a ship, he ought to take into consideration the inertia^ 
or wetghtj to be moved — the force to be applied — the strength 
of the materials, and the space, or situation, he has to work in. 
For, if the force applied, or the strength of the materials, be 
insufficient, his macliine is obviously useless ; and if the force 
and strength be ample, but the space be wanting, the same re* 
milt must follow. 

If he intends his machine for twisting the fibres of flexible 
substances into threads, he may find no difHculty in respect to 
power, strength of materials, or space to work in, but if the 
velocity^ direction^ and kind of motion he obtains, be not ap- 
plicable to the work intended, he still loses his labour. 

Thousands of machines have been constructed, which, so 
&r as regarded the skill of the workmen, the ingenuity of the 
contriver, and the construction of the individual parts, were 
models of art and beauty; and, so far as could be seen with- 
out trial, admirably adapted to the intended purpose. But on 
putting them to actual use, it has too often been found, that 
fiieu: only imperfection consisted in a stubborn refusal to do 
any part of the work intended. ^ 

What U the object of thb science 1 What is a machine ? Mention one 
•f IbD mfttt lunple, end one of Uie most oomplez of nierhlnee. 
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Nowy a thorough knowledge of the laws of motion, and the 
principles of mechanics, would, in many instances at least, 
have prevented all this loss of labour ana money, and spued 
him so much vexation and chagrin? by showing the pro- 
jector that his machine would not answer the intended pur- 
pose. 

The importance of this kind of knowledge is therefore ob- 
vious, and it is hoped will become more so as we proceed. 

In mechanics, as well as in other sciences, there are words 
which must be explained, either because they are conunon 
words used . in a peculiar sense, or because they are terms of 
art, not in common use. All technical terms will be as much 
as possible avoided, but still there are a few, which it is neces- 
sary here to explain. 

fbrcq4s the means by which bodies are set in motion, kept 
in motioh; and, when moving, are brought to rest.'^ The force 
of gunpowder sets the ball m motion, and keeps it moving, 
untu the force of resisting air, and the force of gravity, bring 
it to rest. 

Power (is the means by which the machine is moved, and 
the force gainecD Thus we have horse power, water power, 
and the power of weights. 

Weiffhtyis the resistance, or the thing to be moved by the 
force of the power^fThus, the stone is the weight to be moved 
by the force of the lever, or bar. 

Fulcrum^ or prop,'is the point or part on which a thing is 
supported, and about which it has more or less motion^ In 
raising a stone, the thing on which the lever rests, is the ful- 
crum. 

In mechanics, there are a few simple machines, calJed the 
mechanical powers, and however mixed, or comnlex, a com- 
bination of machinery may be, it consists only of tnesf few in- 
dividual powers. 

We shall not here burthen the memory of the pupil with 
the names of these powers, of the nature of which he is at 
present supposed to know nothing, but shall explain the action 
and use of each in its turn, and then sum up the whole for hia 
accommodation. 



yniatb meant by foroejtnmechaiiicsl What ismeantbypowerl What 
Mandentood by weight 1 Whatisth^folcmml Aw the mecha n i c al ywww 
imneTOiis, or only few in number 1< 
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The Lever. 

fAnf rod, or bar, which is used in raising a weight, or sup 
mounting a resistance, by being placed on a fulcrum, or prop* 
becomes^ lever; 

This machine is the most simple of all the mechanical 
fiOwerB, and is therefore in universal use. 

^- ^' Fig. 40 ^represents a 

straight lever, or hand 
spike, called also a croit 
bar, which is commonH 
used in raising and mo- 
vinff stone and other 
heavy bodiesA fThe 
block ft)is the weight, or 
resistance, a is the lever, 
dfc, the fulcrum)\ 

Ithe power ^s the hand, or weight of a man) applied at a, to 
depress that efid of the lever, and thus to raise the weight. 

It will be observed, that by this arrangement, the applica 
tion of a small power may be used to overcome a great re- 
abtance. 

The force to be obtained by the lever, dependsfon its Icn^, 
tog[ether ivith the power applied, and the distance of the weight 
aim power from tne fulcrum.') 

W\g, 41. Suppose, fig. 41, that a is the 

lever, b the fulcrum, d the weight 
to be raised, and c the power 
Let d be considered three times 
as heavy as c, and the fulcrum 
three times as far from c as it is 
from d; then the weight and 
)j power will exactly balance each 
other. Thus, if the bar be four 
feet long, and the fulcrum three feet from the end, thei^hree 
pounds on the long arm, will weigh just as much as nine 
pounds on the short arm,;and these proportions will be found 

ihe aame in all cases. 
> 

What is a lerer 1 What is the amplest of aJl mechanical powen 1 'Ex- 
|teiQfig.40. Which IS the weight 1 Where is the fiilcram 1 Where is the 
pow^ apf^Ged 1 What is the power in this ease 1 On what does the Ibree 
fa lie oUamed by ^ lerer depend 1 Suppose a lever 4 feet long, and tho 
Mcram one 6ot finm tbo end, what number of pounds wSI bawnoe each 
•NtorattbeeMdst 
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When two weights balance each other, the fulcrunnr is al- 
ways at the centre of gravity between themXand therefore, to 
make a small weight raise a large one, the 'fulcrum must be 
placed as near as possible to the large one, since the greater 
the distance froTti the fulcrum the small weight or power is 
placed, the greater will be its force. 

^' ' Suppose the weight &, fig, 42, 

to be sixteen pounds, au ^ sujv 




"I pose the fulcrum to be placed so 
t>'near it, as to be raised by the 



C power a, of four pounds, hang- 
ing equally distant from the ful- 
crum and the end of the lever. 
If now the power a, be remov- 
ed, and another of two pounds, c, be placed at the end of the 
lever, its force will be just equal to a, placed at the middle of 
the lever. •** 

But let the fulcrum be moved alonff to the middle of the 
lever, with the weight of sixteen pounds still suspended to it, 
it would then take another weight of sixteen pounds, instead 
of two pounds, to balance it, fig. 43. 

Fig. 43. Thus the power which would 

balance 16 pounds, when the 
fulcrum is in one place, must be 
exchanged for another power 
weighing 8 times as much, when 
the fulcrum is in another place. 
From these investigations, we 
may draw the foUowmg general 
p truth, or proposition, concerning 

the lever : *^\[hat the force of the lever increases in proportion 
to the distance of the power from the fulcrum^ ana diminish- 
es in proportion as the distance of the weight from the fulcrum 
increases^ 

From this proposition may be drawn the following rule, hy 
which the exact proportions heiweej^ the weight, or resistance, 
and the power, may be found. Multiply me weight hy its 

When weights balance each other, at what poin^bet^voen them must the 
ftdcmm be t Suppose a weight of 16 pounds on the short arm of a lever is 
wmteibalanoed by 4 pounds in the midine of the long arm, what power 
wwddbalancetliis weight at the end of the lover? Suppose the fiiicram to 
00 moved to the middle of the lever, what power would then be equal to tho 
tSpoondsl What k the genendpropoflUon drawn fiumthMsvesidUl 
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distance from Hie fulcrum ; then multiply ike power hf its 
distance from the same pointy and if the produc^ are equals 
ihe^ weight and the power will balance each, other^ 

Suppose a weignt of 100 pounds on the dl5rt arm of a le- 
ver, 8 inches from the fulcrum, then another weight, or power, 
of 8 pounds, would be equal to this, at the distance of 100 
inches from the fulcrum ; because 8 multiplied by 100 is equal 
to 800 ; and 100 multiplied by 8 is equaLto 800, and thus 
they would mutually counteract each ofhcry 

Fig- 44. Many instruments in com- 

mon use are on the principle 
of this kind of lever. / Scis- 
sors,^ g. 44, consist of two 
leverb, the rivet boing the 
fulcrum for both. The fin- 
gers are the power jSid the 
cloth to be cut, tHe^sist- 
ance to be overcomel^ 
^ Pincers, forceps, and sugar cutlers, are examples^f this 
kind of lever. 

A common scale-beam, used for weighing, is a lever, sus- 
pended at the. centre of gravity, so that the two arms balance 
each other. Hence the machine is called a balance. The 
fulcrum, or what is called the pivot, is sharpened, like a 
wed ve, and made of hardened steel, so as much as possible to 
avoid friction. 

Fig-45. ^ , , 

A dish is suspended by cords 

to each end or arm of the lever, 

for the purpose of holding the 

articles to be weighed. When 

^ 1^ the whole is suspended at the 

point a, fig. 45, the beam or lever 

ought to remain in a horizontal 




iig 

^ 





position, one of its endp being exactly as high as the other. 
If the weights in the two dishes are equal, and the support 
exactly in the centre, they wUl always hang as represented in 
the figure. 

A very slight variation of the point of support towards one 

What w the rule for finding the proportions between the wdght an^ 
pofwv 1 Give an illostntion or this role. What in^trnments opente on 
the principle of this lever? When the scissors are used, what is the lesist- 
aaee, and what the isomer 1 In the oommon 8caie4)eam, where is the fol- 
craml IniriMt pofllian «m^ the «ale4ieam to haog 1 
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end of the lerer, will make a difTercnce in the weights em- 
ploved to balance each other. In weighing a pound of sugar, 
Urim a scale beam of eight inches long, if the point of support 
b half an inch too near the weight, the buyer would be cheat- 
ed nearly one ounce, and consequently nearly one pound in 
every sixteen poinds. This fraud might instaQlly be detected 
(by changing the places of the sugar and weight^ for then the 
nmerence would be quite materia], since the sugar would then 
seem to want twice as much additional weight as it did really 
want 

The steel-yard differs from the balance,/ in having its sup- 
port near one end, instead of in the middle, and also in hav- 
ing the weights suspended by hooks, instead of being placed 
in a disE) 

^ Fig. 4a ,. , 1. . i^ 

If we suppose the beam to be 

J S^ S f S € 7 inches long, and the hook, c, fiff. 
■ ' ' J ^ -^ 46, to be one inch from the end, 

then the pound weight a, will re- 
quire an additional pound at \ 
for every inch it is moved from it. 
This, however, supposes that the 
bar will balance itself, before any weights are attached to it. 
In the kind of lever described, the weight to be raised is on 
one side of die fulcrum, and the power on the other. Thus 
the fulcrumQs between the power and the weight) ^- 

Theve is another kind of lever, in the use of which, tb^ 
weight is placed between the fulcrum and the hand.^ In other 
words, ibe weight to be lifted, and the power by which it is 
mof ed, urt*- on the same side of the prop. 

Fig. 47. This arrangement is 

represented by fig. 47, 
where V) is the weight, I 
the lever, / the fulcrum, 
^ I and f a pulley, over wh ich 

a string is thrown, and a 
small weight suspended, 
as the power. In the 
common use of a lever of 
the first kind, the force is 




t 





Haw nuKV a fi uiidulent scale-beam be made 1 How may the cheat be de- 
iBctedl How does the steel-yaTddiffi^fhim the balance 1 In the first kind 
of fever, where is the fiilcrmn, in respect to the we^t and power 1 In the 
Moond kind, where is the fiilcnim, in respect to the weight and powerl 
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by bearing clown the lonff arm of the leTer, which b 
camedTprying^ In the second Kind, the force h gained by 
eanying the long arm in a contrary direction, or upward, and 
this is calledTZi/i^tn^^ 

Levers of Qie second kind are not so conmion as the first, 
but are frequently used for certain purposes* ^e oars of a 
boat are examples of the second Kind^ fthe water against 
which the blade of the oar pushes,' is the^ fulcrum, the boat is 
th^ weight to be moved, and the hands of the man the power. 
pTwo men carrying a load between them on a pole, is also 
an- example of this kind of lever. Each man acts as the pow- 
er in moving the weiglit, and at the same time each becomes 
a fulcrum in respect to the oth^ 

If the weight nappens to slide on the pole, the man towards 
whom it goes, has to bear more of it in proportion as its dis- 
tance from him is less than before. 

Pig 43 A load at a, fig. 48, is borne 

equally by the two men, being 
. ^ ■ equally distant from each ; but 

at &, tnree quarters of its weight 
would be on the man at that 
end, because three quarters of 
the length of the lever would 
be on the side of the other man. ^ 

In the third, and last kind of lever,(the weight is placed at 
one end, the fulcrum at the other end, and the power between 
them, or the hand is between the fulcrum and tne weight to be 
Ufted^ 

- ^' This is represented by fig. 

Vr\ 49, where c is the fulcrum, a 

the power, suspended over the 





|£i 



b pulley 6, and a is the weight 

a to be raised. 

^ This kind of lever works to 

great disadvantage, sinc^ the 

power must be greater than 

^. the weight* It is therefore 

seldom used, except in cases 



I 



What is the action of the fifsl kind called 1 What is the action of the se- 
cond kind called 1 Give examples of the second kind of lerer. Inrowinffa 
txMt, what is the fulcram, what the weight, and what the power? What 
other iDustnitions of this principle is given 1 In the thiid kina of lever, 'when 
m the respective places of the weight, power, and fiikmm 1 
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Utere TdcMsHy and not force is required. ' In raising a ladder 
from the ground to the roof of a house, men are oblij^, some- 
times to make use of this principle, and tlie great difficulty of 
doing it, illustrates the mechanical disadvantage of this kind of 

We have now described the three kinds of levers, and we 
hope, have made the manner in which each kind acts, plain, 
by Ulustrations. But to make the difference between them 
still more obvious, and to avoid all confusion, we will here 
compare them together. 

In the first kind, ^e weight or resistance, is on the short 
arm of the lever, the power, or hand, on the lonfir arm, and the 
fulcrum between them^ In the second kind, me weight is 
between the fulcrum, and the hand, or power\ and, in the 
third kind,(the hand is between the fulcrum and the weight."^ 
^ Fig. 50. 





FSg.51. 



Fig. 52. 




6 




6 



In fig. 50, the weight and hand both act downwards. In 
61, the weight and hand act in contrary directions, the hand 
upwards, and the weight downwards, the weight being be- 
tween them. In 62, the hand and weight also act m contrary di- 
rections, but the hand is between the fulcrum and the weight 

What is the disadvantage of this kind of lever 1 Give an example of the 
use of the third kind of lever. In what direction do the hand and weight 
act, m the first kind of lever 1 In what direction do they act in th9 Mcond 
kind 1 In what (firectlon do tbey act in the third kind 1 
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Compound XA£r.-^When several simple leverd are conned- 
ed together, and act^ <^ne upon tlic other, the machine iff 
called a comvouM lever\ In this machine, as each lever acts 
as an individual, and with a force equal to the action of the 
next lever upon it, the force is increased or diminished, and 
becomes greater or less, in proportion to the number or kind 
of levers employed. 

We will illustrate this kind of lever by a single example, 
but must refer the inquisitive student to more extended works 
for a full investigation of the subject. 

Fig. 53. 

e V jj Fig. 63. 

K ' ^ • t ; represents a 

compound 



A 
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lever, con- 
sisting of 3 
simple le- 
vers of the 
first kind. 
In calculating the force of this lever, the rule applies, which 
has already been given for the simple lever, namely, the length 
of the long arm is to be multiplied by the moving power, and 
that of the short one, by the weight, or resistance. Let us 
suppose, then, that the three levers in the figure are of the 
same length, the long arms being six inches, and the short 
ones, two inches long, required, the weight which a moving 
power of 1 pound at a will balance at ft. In the first place, 1 
poimd at a, would balance 3 pounds at e, for the lever being 
6 inches, and the power 1 pound, 6x1=6, and the short one 
being 2 inches, 2x3=6. The long arm of the second lever 
being also 6 inches, and moved with a power of 3 pounds, 
multiply the 3 by 6=18 ; and multiply the length of the short 
arm, being 2 inches, by 9=18. These two products being 
equal, the power upon the long arm of the third lever, at a, 
would be 9 pounds. 9 poundsx6=54, and 27x2, is 54 ; so 
that 1 pound at a would balance 27 at ft. 

The increase of force is thus slow, because the proportion 
between the long and sliort arms, is only as 2 to 6, or in the 
proportions of 1,3, 9. ^ 

What Is a compound lever 1 By what rule is the force of {he compound 
lever calculatol 1 How many pounds weight will be raised by three levers 
connected, of eight inchei^ each, with the fukrum two inches from the end, 
by » power Qf one pound 7 
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Now suppose the long arms of these levers to be IS inches, 
and the snort ones 1 inch, and the result will bo surprisingly 
different, for then 1 pound at a would balance 18 pounds at «, 
and the second lever woidd have a power of 18 pounds, lliis 
being multiplied by the length of the lever, 18x18=324 
pounds at d. The third lever would thus be moved by a power 
of 324 pounds, which, multiplied by 18 inches for tnc weight 
it would raise, would give 5832 pounds- 

The compound lever is employ ed\in the construction o 
weighing macAi7ie5,Aand particularly, ih cases where grea. 
weights are to be d^rmined, in situations where other ma- 
chines would be inconvenient, on account of tl^eir occupying, 
too much space. 

/ Wheel and Axle, 

The mecqanical power, next to the lever in simplicity, is 
the wheel ana axle. It is, however, much more complex than the 
lever. ^^It consists of two wheels, one of whicii is larger thai 
the other, but the small one passes through the larger, anf 
hence both have a common centre, on which tliev turn* 

Fig. 54. The manner in which thij 

machine acts, will be understooc 
by fig. 54. 'The large wheel a, 
on turning the machine, wdlj 
take up, or throw off as much 
more rope than the small wheel 
or axle o, as its circumference is 
greater. If we suppose the cir- 
cumference of the large wheel 
to be four times that of the small 
one, then it will take up the rope 
four times as fast. And because 
a is four times as large as ft, 
1 pound at d will balance 4 pounds at c, on the opposite 
sic^ 

Tne principle of this machine(is that of the lever, as will 
be apparent by an examination of fig. 55. 

If the long arms of the levem be 18 inches, and the short one, one inch, 
how mndi will a power of one pound balance % In what machines is the 
eompotind lever employed 1 What advantages do these machines possess 
over others 1 What is the next simple mechaiacal power to the lever 1 De- 
scribe this machine. Explain fig. 54. On what principle does thi» dmp 
chine act7 

7 
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Fig. 55. This figure represents the machine 

endwise, so as to show in what manner 
the lever operates. The two weights 
hanging in opposition to each other, the 
one on the wheel at a, and the other on 
the axle at b, act in the same manner as 
if they were connected by the horizontal 
lever a b, passing from one to the other, 
having the common centre, r, as a ful- 
crum between them. 

The wheel and axle, therefore, acts 
like a constant succession of leveis, the 
long arm beingOialf the diameter of the 
wheel, and the short one half the diameter of the axle ; the 
common centre of both being the fulcrum) The wheel aad 
axle has, therefore, been call et|f the perpetual lever. 

The great advantntre of this mechanical arrangement is, 
^that while a lever of th: same powrr can raise a weight but a 
few inches at a time, and then only in a certain direction, this 
machine exerts a continual force, and in any direction wanted.^ 
To change the direction, it is only necessary that the rope by 
which the weight is to be raised, should be carried in a line 
perpendicular to the axis of the machine, to the place below 
which the weight lies, and there be let fall over a pulley. 




Fig. 56. 




/Suppose the Avheel 
and axle, fig. 56, is 
erected in the third 
story of a store house, 
with the axle over the 
scuttles, or doors 
through the floors, so 
that goods can be raised 
by it from the ground 
floor, in the direction 
of the M'^eiffht a, Su] 
pose also, mat the same 
store stands on a wharf, 
where ships come up to 



In fig. 55, which is the fulcrum, and which the two anns of the lever ? 
Whskt is this machine called, in reference to the principle on which it actsi 
What is the great advantage of this machine over the lever and other ine- 
•^nical powers'? Descrilie fig. 56, and point out the manner in whicL 
woignts can he rsised hy letting fail a rope over the pulley. 
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Its mdef and goods are to be remoTed from the vessels into the 
opper stories. Instead of removing the ffoods into the store» 
and hoisting them in the direction of a, it is only necessary to 
carry the rope by over the pulley c, which is at the end of a 
strong beam projecting out from itie side of the store, and then 
the goods will be raised in the direction of d, thus saving the 
labor of moving them twice^ 

The wheel and axle, unoer different forms, is applied to a 
nuriety of common purposes. 

Jig. 57. The capstan, in universal use/.on 

board of ships and other vessel^ns 
an axle placed upright, with a hca3, 
or drum, a, iig. It, pierced with 
holes, for the levers h, c, d. The 
weight is drawn by the rope e, pass 
in? two or three times r^und tlie 
axle to prevent its slippin^.\ 

This IS a very powerful And con- 
venient machine. When not in use, 
the levers are taken out of their 
places and laid aside, and when great force is required, two or 
three men can push at each levenj 

The common windlass for drawing water, is another modi- 
fication of the wheel and axle. The winch, or crank, by 
which it is turned, is moved around by the hand, and there is 
no difference in the principle, whether a whole wheel is turned, 
or a sinde spoke. *ffhe winch, therefore, answers to the 
wheel, wnile the rope is taken up, and the weight 
axle, as already described!) 

Fig. 58. 
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raised by the 

In cases where ^eat 
weights are to be raised, 
and it is reouired that the 
machine snould be as 
small as possible, on ac- 
count of room, the simple 
wheel and axle, modified 
as represented by fig. 58» 
is sometimes used. 

The axle may be con- 
sidered in two parts, one 

What is the capstan 1 Where is It chiefly used 1 What are the peculiar ad- 
vantages of this fonn of the wheel and azJe 1 Ig the common windlasa, what 
part answem to the whedl 
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of which is larger than the other. The rope is attached bj 
its two ends, to the ends of the axle, as seen in the figure. 
The weight to be raised is attached to a small pulley, or wheel, 
round wnich the rope passes. The elevation of the weight 
may be thus described. Upon turning the axle, the rope is 
coiled around the larger part, and at the same time it is 
thrown off the smaller part At every revolution, ^erefore, 
a portion of the rope will be drawn up, equal to the circum- 
ference of the thicker part, and at the same time a portion, 
eoual to that of the thinner part, will be let down. On the 
whole, then, one revolution of the machine will shorten the 
rope where the weight is suspended, just fts much as the dif- 
ference^ between the circumference of tne two parts. J 
Fig. 59. -^ 

Now to understand the principle on which 
this machine acts, we must refer to fig, 59, 
where it is obvious that the two parts of the 
rope a and &, equally support the weight d, 
and tliat the rope, as the machi)\e turns, pass- 
es from the small part of the axle 6, to the 
large part A, consequently the weight does 
not rise in a perpenaicular line towards c, the 
centre of botn, but in a line between the out- 
sides of the large and small parts. Let us 
consider what would be the consequence of 
changing the rope a to the larger part of the 
axle, so as to place the weight in a line perr 
pendicular to tlie axis of motion. In this case, 
it 18 obvious that the machine would be in equilibrium, since 
the weight d, would be divided between the two sides equally, 
and the two arms of a lever passing through the centre c, 
would be of equal length, and thererore no advantage would 
be gained. But in the actual arrangement, the weight being 
sustained equally by the large and small parts, there is involv- 
ed a lever power, the long arm of which is equal to half the 
diameter of the large part, while the short arm is equal to half 
the diameter of the small part, the fulcrum being between 
them. 




Eiplain ^. 58. Why is the rope Rhortened, and the weijght raised ? 
'Wniat b the deaigil of %. 59 1 Does the weight rise perpend£ular to the 
axis of motion 1 Sujipose the cytinder was, throughout, of the same size, 
what would be the consequence 1 On what principle does this machine act 1 
WUch aie the long and ahoit aims of the lever, and where is the fulcrum 1 
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As the wheel and axle is only a modificalion of the nmple 
lever, so a system of wheels acting on each other, and trans- 
mitting the power to the resistance, is only another form of 
the compound lever. 

^- ^* Such a comhlnatiQii is 

shown at fig. 60. i The 
first wheel, a, hy m^ans 
of the teeth, or cdgs 
around its axle, moves 
the second wheel, 5, 
with }^ force equal to that 
of a lever, the long arm 
of which extends from 
the centre of the wheel 
and axle to the circum- 
ference of the wheel, 
where the power ;?, is 
suspended, 8 nd the short 
arm from the same centre to the ends of the cogs. The dot- 
ted line c, passing through the centre of the wheel a, shows 
the position of the lever, as the wheel now stands . The cen- 
tre on which both wheels turn, it will be obvious, is the ful- 
crum of this lever. As the wheel turns, the shoi t arm of this 
lever will act upon the long arm of the next lever by means of 
the teeth on the circumference of the wheel &, and this again 
through the teeth on the axle of &, will transmit its forc(8 to 
the circumference of the wheel d, and so by the short arm of 
the third lever to the weight id. As* the power or small 
weight falls, therefore, the resistance, w^ is raised, witli the 
multiplied force of three levers, acting on each other. 

In respect to the force to be gained by such a machine, 
suppose the number of teeth on the axle of the w. leel a, to be 
six times less than the number of those on the cii cumference 
of the wheel 5, then h would only turn round once, while a 
turned six times. And in like manner, if the nun: ber of teeth 
on the circumference of (2, be six times greater th an those on 
the axle of ft, then d would turn once, while h turned sir 
times. Thus six revolutions of a would make h r€ volve once^ 
and six revolutions of 6, would make d revolve once. There- 
fore a makes thirty-six revolutions, while d makes only one. 

On what principle does a system of wheels act, as represented in fi^. 60 1 
fiatplain fig. €0, and show how the power p is transferred by 5he action of 
levers to i9. 
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Ilie diameter of the wheel a, being three times the diame- 
ter of the axle of the wheel d, and its velocity of motion being 
36 to If 3 times 36 will give the weight which a power of 1 
pound at p, would raise at w. 5'hu^ 36x3=108. One 
pound at p would therefore balance Q08 pounds at w. 

If the student has attended closely ttr what has been said 
on mechanics, he will now be prepared to understand, that 
no machine, however simple or complex it may be, can create 
the least degree of force. It is true, that one man with a 
machine, may apply a force which a hundred could not exert 
with their hands, but then it would take him a hundred times 
as long. 

Suppose there are twenty blocks of stone to be moved a 
hundred feet ; perhaps twenty men, by taking each a block, 
would move them all in a minute. One man, with a capstan, 
we will suppose, may move them all at once, but this man, 
with his lever, would have to make one revolution for 
every foot he drew the whole load towards him, and there- 
fore to make one hundred revolutions to perform the whole 
work. It would also take him twenty times as long to do it, 
as it took the twenty men. His task, indeed, would be more 
than twenty times harder then that performed by the twenty 
men, for in addition to moving the stone, he would have the 
friction of the machinery to overcome, which commonly 
amounts to nearly one third of the force employed. 

Hence there would be an actual loss of power by the use of 
the capstan, though it might be a convenience for the one 
man to do his work by its means, rather than to call in nine- 
teen of his neighbours to assist him. 

The same principle holds good in respect to other machine- 
ry, where the strength of man is employed as the power, or 
prime mover. There is no advantage gained, except that of 
convenience. In the use of the most simple of all machines, 
the lever, and where, at the same time, there is the least force 
lo«t by friction, there is no actual gain of power, for what 
seems to be gained in force is always lost in velocity. Thus^ 
if a lever is of such length to raise 100 pounds an inch by 
the power of one pound, its long arm must pass through a 

What weight wiU one pound at p balance at lo ? Is there any actiuu 
power gained by the use of machinery 1 Suppose 20 men to move 20 stones 
to a certain distance with their hands, and one man moves them back to the 
Mae place with a cajpetan, which pjerfimns the most actual labor ? Why 1 
Why, then, is mai^nery a convenience 1 
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Space of 100 inches. Thus, what is gained in one way is 
lost in another. 

Any power by which a machine is raoved, must be equal to 
the resistance to be overcome, and, in all cases where the 
power descends, there will be a proportion between the velo- 
city with which it moves downwards, and the velocity with 
which the weight moves upwards. There will be no differ- 
ence in this respect, whether the machine be simple or com- 
pound, for if its force be increased by increasing the number 
of levers, or wheels, the velocity of the moving power must 
also be increased, as that of the resistance is diminished. 

There being, then, always a proportion, between the velo- 
city with which the moving force descends, and that with 
which the weight ascends, whatever this proportion may be, 
it is necessaiy that the power should have to the resistance 
the same ratio that the velocity of the res^ance has to the 
velocity of the power. In other words, /^The power multi- 
plied by the space through xohich it moveh, in a vertical direc" 
tioTij must be equal to the weight multiplied by the space 
through which it moves in a vertical direct^ony 

This law is known under the name of ** the law of virtual 
velocities^' and is considered the golden rule of mechanics. 

This pftnciple has already been explained, while treating 
of the lever; but that the student should want nothing to assist 
him in clearly comprehending so important a law, we will 
again illustrate it in a different manner. 

Fig. 61. Suppose the weight of ten pounds to be 

^^ suspended on the short arm of the lever, 

and that the fulcrum is only one 

from the weight ; then, if the lever be 



rig. wi. oupp 

\ ^ suspenc 

^^^'^^- 61, 
(^^ D] inch frc 
W^ I ten inc 



b W^ I ten inches long, on the other side of the 

/ fulcrum, one pound at a would raise, oi 

o ^ " 



balance, the ten pounds at h. But in raising 
the ten pounds one inch in a vertical direc- 
tion, the long arm of the lever must fall 



In the nse of the lever, what pToportion is there between the force of the 
short arm, and the velocity of the long arm ? How is this illustrated 1 It 
Is said, that the velocity of the power downwards, must be in proportion to 
.jit of the weight upwards '{ Does it make any difference, in this respect, 
whether the machine be simple or compound '\ What is the golden nue of 
mechanicsl Under what name is this law known 1 Explain ilg. 61, and 
show how the rule is Cuatraied by that figure. 
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ten inches in a vertical direction, and therefore the yelocitj 
of a would be ten times the velocity of h. 

The application of this law, or rule, is apparent The pow 
er is one pound, and the space through wmch it falls is 10 inch- 
es, therefore lOxl^^lO. The weight is 10 pounds, and the 
space through which it rises is one inch, therefore 1x10^=10. 
Thus the power, multiplied by the space through which it 
mores, is exactly equal to the weight, multiplied by the space 
through which it moves. 

]^- C3. Again, suppose the lever 

V ^g. 62, to be thirty inches 
long from the fulcrum to the 
point where the power p is 
\ suspended, and that the 
\ weight V) is two inches from 
yi Q\ the fulcrum. If the power 
1 be 1 pound, the weight must 
j be fifteen pounds, to produce 
/ equilibrium, and the power 
/ 'p must fall thirty inches, to 
/ raise the weight w two inch- 
/ es. Therefore the power be- 
ins 1 pound, and the space 
30 inches, 30x1^*30. The weight l)eing 15 pounds, and the 
space 2 inches, 15x2=30. 

Thus the power, multiplied by the space through which it 
falls, and the weight, multiplied by the space through which 
it rises, are equal. 

However complex the machine may be, by which the force 
of a descending power is transmitted to the weis;ht to be raised, 
the same rule will apply, as it does to the action of the sim- 
ple lever. 

The Pulley. 

A pulley^ consists ^f a wheel, which is grooved on the ed^e, 
>nd which is made U turn on ite axis, by a chord passing 
over It 



Explain fig. G3, and show hW the same role is iSastr&tcd by it VHm 
Is said of the ap^Bcation of this hile to complez machines? yfhM is a pul. 
Icyl 
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^, Fjg. 6 3. pigr^ ^ represents a simple pulley^ 

^nr^ ^th a single fixed wheel. In o^er 

'Vy. forms of the machine, the wheel mores 

^^\ up and down, with the weight. 

\ ^ The pulley is arranged among the 

\ simple mechanical powers; but when 

\ several are connected, the machine is 

called a system of pulleys^ or a compound 

pulley. 

One of the most obvious advantacres 
the pulley is, its enabling men to exert 
their own power, in places where they cannot go themselves. 
Thus, by means of a rope and wheel, a man can stand on the 
deck of a ship, and hoist a weight to the topmast 

By means of two fixed pulleys, a weight may be raised up- 
«rara, while the power moves in a horizontal direction. The 
(veight will also rise vertically through the same space that 
the rope is drawn horizontally. 

Fig. 64. Y\g. 64 represents two fixed 

pulleys, as they are arranged for 
such a purpose. In the erec- 
tion of a loflv edifice, suppose 
the upper pulley to be suspend- 
ed to some part of the building ; 
then a horse, pulling at the rope 
Oy would raise the weight w 
vertically, as far as he went 
^ horizontally. 

In the use of the wheel of the 
pulley, there is no mechanical 
advantage, : except that which 
arises firom removing the friction, and diminishing the imper- 
fect flexibility of the rDpe> 

In the mechanical effects of this machine, the result would 
be the same, did it slide on a smooth surface with the same 
ease that its motion makes the wheel revolve. 

The action of the pulley ispn a difilerent principle >from that 
of the wheel and axle. A system of wheels, as already cx- 
plained, acta on the same principle as the compound lever. 

■ - . I . - - _ _ .— 

What is a simple pulley 7 What is a system of pulleys, or a compound 
paflev? What 18 the most obvious advantage of the pulley 1 How musi 
two nxed puHeys be placed/ to raise a weight vertically, as far as the power 
fors henxontaUy 1 what is the advantage of the wheel of the pulley 1 
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Bat ihe mechanical efficacy of a ay^tem of pulteys, is derired 
entirely froni the fliviaion of the weight among the strings em 
ployed in suspending it. In the use <ii'the single ^xed pulley, 
there can be no mechanical advantage, einco the weight rises 
as last as the power desc«nds. Thia is obvious by fig, 63; 
where il is also apparent that the power and weight must be 
exacdr equal, to balance each other. 

Fig. 65. In the single moveable pulley, fig. 65, the 

J same rope passes from the fixed point a, tc 
^ the poH'er p. It is evident, here, that the 
weight is supported equally by the two parti 
of tiitj string between which it hangs. 
Therefore, if we rail the weight u> ten 
pounds, five poiiiiils will be supported by 
one string, and li le by tii- other. The pow- 
er, then, will sii|)|i(irt twice its own weieht, 
BO that a person | iilltng with a force of lire 
pounds at p, Mill raise ten pounds Klvs. 
The mcchaniciil force, therefore, in respect 
to the power, is ms iwo to one. 
In this eKacnj>le, il is supposed there are only 
two ropes, each of i\ liich bears an equal part of 
the weight. 

If the number i f ropes be increased, the 
weight may be iner' ased with the same power; 
or uie power ninv l>e diminished in proportion 
as the number of r< :>es is increased. Infig. 66, 
the number of r )ies sustaining the weight 
is four, and theref 'c, the weight may he four 
times as great a^ 'ic power. This principle 
must be evident, sii.pe it is plwn that each rope 
sustains an equal part of the weight Tne 
weight may ther<>r vn be considered aa divided 
into four parts, and ench part sustained by one 
rope. 

In fig. 67, tliere is a system of pulleys repre- 
sented, in whicli the weight is sixteen times 
the power, 

Hon does the ac^.'n o( tha pulley diflii from that U 
the wh«el ai>J axle ? 1b Ihere on; mechu^cal sdiuttlim 
in the fixed pul'e' ? What wdght aX p, fig. 65, mil 
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^g« 67. The tension of the rope <2, e, is 

f evidently equal to the power, p, be- 
cause it sustains it: d^ being a 
moveable pulley, must sustain a 
weight equal to twice the power ; 
but the weight which it sustains, 
is the tension of the second rope, 
d, c. Hence the tension of the se- 
cond rope is twice that of the first, 
and, in like manner, the tension of 
the third rope is twice that of the 
second, and so on, the weight being 
equal to twice the tension of the 
last rope. 

Suppose the weight ir, to be six 
teen pounds, then the two ropes, 
8 and 8, would sustain just 8 pounds 
each, this being the w4iole weight 
divided equally between them. 
The next two ropes, 4 and 4, 
would evidently sustain but half 
this whole weigl.t, because the 
other half is already sustained by 
a rope, fixed at its upper end. The 
next two ropes sustain but half of 4, for the same reason ; 
and the next pair, 1 and 1, for the same reason, will sustain 
only half of 2. Lastly, the power p^ will balance two pounds, 
because it sustains but half this weight, the other half being 
sustained by the same rope, fixed at its upper end. 

It is e^adent, that in this system^ each rope and pulley 
which is added, will double the effect of the whole. Thus, by 
adding another rope and pulley beyond 8, the weight w might 
be 32 pounds, instead of 16, and still be balanced by the same 
power. 

In our calculations of the effects of pullies, we have allowed 
nothing for the weight of the pullies themselves, or for the 
friction of the ropes. In practice, however, it will be found. 




Suppose the wraght, fig. 66, to be 32 pounds, what will each rope bear? 
Explain fig. 67, and show what part of the weight each rope sostaics, and 
why 1 pound at p, will balance 16 pounds at w. Explain the reason why 
each additional rope and paHey will double the effect of the whole, or whv 
Its weight may be doable by that of all the odieis, with the same power 
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that (nearly one thirclimust be allowed for friction, and that 
the power, therefore, to actually raise the weight, must be 
about one third greater than has been allowed. 

The pulley, like other machines, obeys the law of virtual 
velocities, already applied to the lever and wheel. Thus^ " in 
a system ofpitUieSj the ascent of the weight, or resistance, is 
as much less than tlie descent of the power, as the weight is 
ereater than the power" If, as in the last example, the weight 
IS 16 pounds, ana the power 1 pound, the weight will rise only 
one foot, while the power descends 16 feet. 

In the single fixed pulley, the weight and power are equal, 
and consequently, the weight rises as fast as the power de- 
scends. 

With such a pulley, a man may raise himself up to the mast 
head by his own weight. Suppose a rope is thrown over a 
pulley, and a man ties one end of it round his body, and takes 
the other end in his hands. He may raise himself up, because, 
by pulling with his hands, he has the power of thro^ving more 
of his weight on that side than on the other, and when he does 
this, his body will rise. Thus, although the power and the 
weight are the same individual, still the man can change his 
centre of gravity, so as to make the power greater than the 
weight, or the weight greater than the power, and thus can 
elevate one half his weight in succession. 

The Inclined Plane, 

The fourth simple mechanical power is the inclined plane. 
Pig. ea This power (consists of a plain, 

smooth surface^ which is inclined 
^ towards, or from the earth^ It is 
represented by fig. 68, whwe from 
a to & is the inclined plane ; the 
line from d to a, is its neight, and 
that from h to d, its base, 

A board, with one end on the 
ground, and the other end resting 
on a block, becomes an inclined plane. 

This machine, being both useful and easily constructed, is 
in very general use, especially '^here heavy bodies are to be 
raised only to a small neight Thus a man, by means of an 

In compound machines, how much of the power must be allowed fcer the 
fiidion i How may a man rake himself up by meajis of a rope and singltt 
fixed puUey 1 What is an inclined plane 1 
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iiidined plane, which he ean readily constmet i^with a boardt 
or couple of hars^ can raise a load into his wagon, which ten 
men could not lift with their hands. 

The power required to force a given weight up an inclined 
plane, is in a certain proportion to its height, and the lenffth of 
Its base, or, in other woHs, the force must be in proportioi^to 
the rapidity of its inclination.^ ^ 

Fig. 69. <Xhe power p, fig. 69, 

pulling a weight up the 
inclined plane, from c to 
d, only raises it in a per- 
pendicular direction (rom 
e to <2, by acting along 
the whole length of the 
planed If the plane be 
r twice as 1 ong as 1 1 is high, 

that ia, if the line from c to (2 be double the length of that from 
e to d, then one pound atp will balance two pounds any where 
between d and c. It is evident, by a glance at this ng., that 
were the base, that is, the line from e to c, lengthened, the 
height from e to d being the same, that a less power at p, 
would balance an equal weight any where on the inclined 
plane ; and so, on the contrary, were the base made shorter, 
that is, the plane more steep, the power must be increased in 
proportion. 

Fig. 70. Suppose two inclined planes, 

ii^. 70, of the same neiffht, 
with bases of different lengths; 
then the weight and power 
will be to each other as the 
length of the planes. If the 
length from a to 5, is two feet, 
and that from h to c, one foot, 
then two pounds at d will balance four pounds at ir, and so in 
this proportion, whether the planes be longer or shorter. 

The same principle, with respect to the vertical velocities 
of the weight and power, applies to the inclined plane, ui com- 
mon with the other mechanical powers. 

On what occasions is this power chiefly used 1 Suppose a man wants to 
load a barrel of cider into his wagon, how does he make an inelined plane 
for this purpose 1 To roll a ffiven weight up an inelined plane, to what must 
the force be prv/portioned 1 Explain fig. 69. If the lengtn of tne Ions plane, 
% 70, be double that of the short one, what must be the propoition betwees 
the power and the wdght 1 




v^n. 




Ignppoae the ineliafld pluie, fig, 
71, to be two feet from a to 6, and 
one foot 'from cio b, then, u ire 
re alremd^ seen by fig. 69, a pow- 
er of one pound at p, would bal- 
ance a weight of two pounds at tp. 
Now, in the fall of the piywer to 
draw up the weight, it ia obvious 
that its vertical descent niust be juflt 
yiQ twice the vertical ascent of the 
weight; for the power must fall 
down the distance from a to b, to draw the weight that dis- 
tance ; hut the vertical height to which the weight to ia taised. 
is only from c to b. Thus the power, being two pounds, must 
fall two feet, to raise the weight, four pounds, one foot ; and 
thus the power and weight, multipliea by the several velo- 
cities, are equal. 

The Wedge. 

The next simple mechanical power is the wedge. This 

■nitrument mav oe considered as two inclined planes, phieed 

base to base. It is much employed for the purpose of^ split- 

iding solid bodies, such as wood and stone. 

Fig. 72 represents such a wedge as is usually 
employed in cleaving timber. This inalrument is 
also used in raising ships and preparing them to 
launch, and for a variety of other purposes. 
Nails, uwls, needles, and many catting mstru- 
raenta, act on the principle of this machine. 

There is much difficull^ in estimating the pow- 
er of the wedge, since this depends on the force, 
or the number of blows given it, together with 
the obliquity of its sides. , A wedge of great ob- 
liquity would require hard blows to drive it for- 
ward, for the same reason that a plane much in- 
clined, requires much force to roll a heavy body 
up iL But were the obliquity of the wedge, and 
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die force of eaeh Mow giTen, stOl it would be dlAevlt to ts* 
certain the exact power of the wedge in ordinary eases, for, 
in the splitting c2 timber, and stone, for instanee, the divided 
parts act as lerers, and thus greatly^ increase the power of the 
wedge. Thus, in a log of wood, six feet lon^, when split one 
half of its length, the other half is divided with ease, because 
Uie two parts act as levers, the lengths of which constantly in- 
crease, as the cleft extends from the wedge. 

T%c Screw. 

The screw is the fifth and last simple mechanical power, 
f'lt may be considered as a modification of the inclined plane, 
or as a winding wedge« It is an inclined plane running spi- 
rally round a spindle, as will be seen 
by fig. 73. Suppose a to be a piece 
of paper cut into the form of an in- 
clined plane, and rolled round the 
piece of wood d; its edfe would 
form the spiral Hne, called the 
thread of the screw. 

If the finger be i^aced between 
the two threads of a screw, and the 
screw be turned round once, the 
finger will be raised upward equal to ihe distance of the two 
tiireads apart. In this manner the finger is raised up the in- 
clined plane, as it runs round the cylinder. 



Fig. 73. 




Fig. 74 




The power of the screw is trans- 
mitted and employed by means of 
another screw called the nut, through 
which it passes. This has a spiral 
groove running through it, which ex- 
actly fits the thread of the screw. 

If the nut is fixed, the screw itself 
on turning it round, advances forward; 
but if the screw is fixed, the nut, when 
turned, advances alon? the screw. 

Fig. 74, represents uie first kind of 
screw, being such as is oonmonly 
used in pjressing paper, and other 
substances." The nut, n, through which 



On what priocipfe does the flciew act 1 Howi 
ba modificatkni of the inclined plane 't Explain ' 
and which the not ? 



it shown that the screw 
74. Which IB the screw. 
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the wer9W puMSt uiswers also for one of the beams of tlxi 
press. If the screw be turned (to the righuit will advance 
downwards, while the nut stands WU. 

Rg. 75. A screw of the secondjtind is 

^ represented by fig. 75. ^ this, 

the screw is ftxcl, while ihe nut, 

n, by being turned by the lever, Z, 

«i CI^ I ^ from left to right, will advance 

^1 1 ^ down the screw. J ^ 

• ■ In practice, the screw f is nevei 

used as a simple mechanical ma- 

^_ ^ chine iif' the power being always 

I ^ I appli^ by means of arteve^pass- 

/ ^^ I ing through the head orthe screw, 

I 1 as in fig. 74, or into the nut, as in 

I J fig. 75. 

The screw, therefore, acts with 
&e combined power of ^he inclined plane and the leverl^and 
its force is such as to b^ limited only by the strength 61 the 
materials of which it is made. 

In investigating the eflfects of this machine, we must, there- 
fore, take into account both these simple mechanical powers, 
so that the screw now becomes really a compound engine. 

In the inclined plane, we have already seen, that the less it 
is Inclined, the more eatsy is the ascent up it In applying the 
same principle to the screw, it is obvious, that the greater the 
distance of the threads from each other, the more rapid the 
inclination, and consequently, the greater must be the power 
to turn it, under a given weight. On the contrary, if the 
thread inclines downwards but slightly, it will turn with less 
power, for the same reason that a man can roll a heavy weight 
up a plane but little inclined.! Therefore, the finer the screw, 
or the nearer the threads to ^h other, the greater will be the 
pressure under a given power. 

Let us suppose two screws, the one having the threads one 
inch apart, and the other half an inch apart ; then the force 
which the first screw will give with tlie same power at the 

Which wav must the screw be tamed, to make it advance through the 
QOtl How does the screw, fig. 75^ difier from fig. 74? Is the screw ever 
vsed as a simple machine 1 By what other simple power is it moved ? What 
imo ample mechanical powers are oonoeroed in the force of the screw 1 
Why does tha neamew of the threads make a difference in the force of ihn 
t 
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lerer will be only half that girea hythe Mcond. l%e seeoad 
icrew must be turned twice as many times round as the fimi, 
to go through the same space, but what is lost in Telocity is 
gained in power. At the lever of the first, two men would 
raise a given weight to a given height by making one revolih 
tion ; while at the lever of the second, one man would raise 
the same weight to the same height, by making* two revolsh 
tions. 

It is apparent that the length of the inclined plane, up 
which a bo^y moves in one revolution, is^e circumference 
of the screw) and its height,^e interval between the threads." 
The proportion of its power would therefore be ^ as the cir- 
cumference of the screw, to the distance between the threads, 
so is the weiffht to the power." 

By this rule the power of the screw alone can be found ; 
but as this machine is moved by means of the lever, we must 
estimate its force (by the combmed power of both.^ In this 
case, the circumference described by the end of the lever em- 
ployed, is taken, instead of the circumference of the screw 
itself. The means by which the force of the screw may be 
found, is therefore by multipl3rinff the circumference which the 
lever describes by the power. Thus, ** tlie power multiplied 
by the circumference wiuch it describes^ is equal to the weight 
or resistance^ multiplied by the distancebetween the two contig' 
uous threads.^^ Hence tne efficacy of tibe screw may be in-> 
creased,(by, increasing the length of the lever by which it is 
turned, or by diminishing the distance between the threads^ 
If, then, we know the length of the lever, the distance between 
the threads, and the weight to be raised, we can readily cal« 
culate the power ; or, the power bein^ given, and the distance 
of the threads and the length of the lever known, we can es- 
timate the weight the screw will raise. 

Thus, suppose the length of the lever to be forty inches, the 
distance of the threads one inch, and the weight 8000 poimds ; 
required the power, at the end of the lever, to raise the weight 

The lever being 40 inches, the diameter of the circle, which 

Suppose one screw, with its threads one inch apart, and another half an 
hich apart, what will be their difTeienoe in force 1 What is the lei^gth of 
the inclined plane up which a body moves by one revolution of the screw 1 
What would be the height to whicn the same body would move at one pevo- 
hitbn 1 How is the force of the screw estimated 1 How may the efficacy 
of the screw be increased 1 The length of the lever, the distanoe between 
tae threads, and the weight, being k^iiwn, how can the power be Ibund 1 
Qiv» an example. 

8» 
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Hw cad detcribM, is 80 inches. The circumference is a lit 
te mofe than tiuree times the diameter, but we will call it 
JQBl three tunes. Then 80x3>»^MO inches, the circumfer- 
ence of die circle. The distance of the threads is 1 inch, and 
Ifas weiffht 8^000 ponnds. To find the power, multiply the 
weight by the distance of the threads, and divide by the cir- 
emnference of the circle. Thus 

circum. in. wdght, power. 

240 + 1 :: SSOO » 33i 
The power at the end of the lever must therefore be 33l 
pounds. In practice this power would require to be increas- 
ed about one third, on account of friction. 

The force of the screw is sometimes employed to turn a 
wheel, by acting on its teeth. In this case it is called (the 
perpetual sere^ 

Fig. 76. Fig. 76 represents such a ma- 

^ ■■ T ^ tj^^ chine. It ia apparent, that by turn- 

ips ing the crank c, the wheel will re- 
=a volve, for the thread of the screw 
passes between the cogs of the 
wheel. By means of an axle, 
through the centre of this wheel 
like the common wheel and axle 
this becomes an exceedingly pow 
erful machine, but like all othe^ 
contrivances for obtaining greai 
power, its effective motion is ex 

ceedinffly slow. It has howevei 

some disadvantages, and particularly the ^reat friction between 
the thread of the screw and the teeth of tne wheel, which pre- 
vents it from being generally employed tb raise weiglits. 

We have now enumeratea and described all the mechani 
oal powers usually denominated simple. They are five ' in 
number, namely, the Lever, Wheel, and Axle, Pulley, Wedge, 
Inclined Plane,' and Screw. 

'In respect to the principle on which they actT^they may be 
resolved into three simple powers, namely, the lever, the in- 
clined plane, and the pulley ; for it h\is been shown that the 
wheel and axle is only another form of the lever, and that the 
screw is but a modification of the inclined plane. 

What b the icrew called when it is employed to turn a wheel? What ig 
tfie object of this machine for rainng weights ? How mac j simple mecha- 
mcal pawers an there 1 and what are they called 1 How can they be t»> 
wifed into thvee ample powen 1 
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It IB surprising indeed, that these simple powers can be so 
arranged and mwlified, as to produce the different actions in 
all that vast variety of intricate machinery which men have 
invented and constructed. 

The variety of motions we witness in the little engine which 
makes cards, by bein^ supplied with wire for the teeth, and 
strips of leather to stick them through, would itself seem to 
involve more mechanical powers than those enumerated. 
This engine takes the wire from a reel, bends it into the form 
of teeth ; cuts it off; makes two holes in the leather for the 
tooth to pass through ; sticks it through ; then gives it another 
bend, on the opposite side of the leather ; graduates the spa- 
ces between the rows of teeth, and between one tooth and 
another ; and at the same time, carries the leather backwards 
and forwards, before the point where the teeth are introduced, 
with a motion so exactly corresponding with the motions of 
the parts which make and stick the teeth, as not to produce 
the difference of a hair's breadth in the distance between them. 

All this is done without the aid of human hands, anv far- 
ther than to put the leather in its place, and turn a crank ; or, 
in some instances, many of these machines are turned at once, 
by means of three or four dogs, walking on an inctined plane 
which revolves. 

Such a machine displays the wonderful ingenuity and per- 
severance of man, and at first sight would seem to set at 
naught the idea that the lever and wheer»were the chief sim- 
ple powers concerned in its motions. But when these motions 
are examined singly and deliberately, we are soon convinced 
that the wheel, variously modified, is the principal mechanical 
power in the whole engine. 

It has already been stated, that notwithstanding the vast 
deal of time and. ingenuity which men have spent on the con- 
struction of machinery, and in attempting to multiply their 
powers, there has, as yet, been none produced, in which the 
power was not obtained at the expense of velocity, or veloci- 
ty at the expense of power ; and therefore/nol actual force is 
ever generated by machinery. 

Suppose a man able to raise a weight by means of a com- 
pound pulley of ten ropes, which it would take ten men to 

What is said of the caid-makinifF machine 1 What are the chief mechani- 
cal powers concerned in its motions I Is there any actual force generated 
oy naachinery 1 Can great veiicity and great force be produced by the usam 
machineiyl Whynotl 
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hy one rope, without pulleys* If the weight k to be 

niaedayaid* the ten men by puilinff their rope a yard will do 
the worlil But the man with me piuleyv must draw his rope 
ten jmrda to raise the weight one yard, and in addition to this, 
he has to oyercome the mction of the ten pulle3r8, making 
aboot one third more actnal labor than was employed by the 
ten men. But notwithstanding these inconTeniences, the use 
of machinery is of vast importance to the world. 

On board of a ship, a few men will raise an anchor with a 
capstan, which it would take ten or twenty times the same 
number to raise without it, and thus the expense of shipping 
men expressly for this purpose is saved. 

One man with a lever, may move a stone which it would 
take twenty men to- move without it, and thoueh it should take 
him twenty times as loug, he would still be the ffainer, since 
it would be more convenient, and less expensive for him to do 
the work himself, than to employ twenty others to do it for 
him. 

When men employ the natural elements as a power to oyer 
come resistance by means of machine^, there is a vast savins 
of animal labor. Thus n^Us, and all kinds of engines, which 
are kept in motion by the power of water, or wind, or steam, 
save animal labor equal to the power it takes to keep them in 
motion. 
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HYDROSTATICS. 

Hydrostatics is the science which treats of the weight, 
pressure, and equilibrium of water, or other fluids, when m a 
state of rest ^ i 

Hydraulics is tliat part of the science of fluids which treats 
of water in motion, and the means of raising and conducting 
it in pipes, or otherwise, for all sorts of purposes. 

The subject of water at rest, will first claim investigation, 
since the laws which regulate its motion will be best under* 
stood by first comprehending those which regulate its pres- 
sure. 

A jlttt(2%is a substance whose particles are easily moved 

among each other, as air and water, '■ 

m— — ■ — -- , ' * ■ , I.. I I 

Which perlbrms the greatest labor, ten men who lift a weight with their 
hands, or one man who does the same with ten pnlleyB'^ W&rl What is 
hydroBtatlcsl How does hydraulics differ fiom hydrostatics 1 Whatisafliadl 
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dlie air>is called an dastic fluid* ^cause it ii easfly cdm- 
I>re-S8ed into a smaller bulk, and retorns again to its original 
state when the pressure is renio¥e<V Water is railed a non- 
elastic fluid, because it admits of little diminution of bulk 
ler pressure. 

The non-elastic fluids^ are perhaps more properly called 
li^uitdB^ but both terms are employed to signify water and 
otiier bodies possessing its mechanical properties. The term 
fluid, when applied to me air, has the word elastic before it 

One of the most obvious properties of fluids, % the facility 
with which tliey yield to the impressions of other bodies, mA 
the rapidity with which they recover their former state, when 
the pressure is removed, j The cause of this, is apparently 
the freedom with which tne particles of liquids slide over, or 
amonff each other ; their cohesive attraction being so slight 
as to be overcome by ^e least impression. 'On this want of 
cohesion among their particlesNseem to depend the peculiar 
mechanical properties of these oodies. 

In solids, there is such a connexion between the particles, 
that if one part moves, the other part must move also. But 
in fluids, one portion of the mass may be in motion, while the 
other is at rest, (tn solids, the pressure is always downwards, 
or towards the centre of the earth's gravity ; but in fluids tlie 
particles seem to act on each other as wedges, and hence, 
when confined, the pressure is sideways, and even upwards, 
as well as downwards) 

Pig. 77. Water hatf commonly been called a non-elastic sub- 
stance, but it is found that under great pressure its 
volume is diminished, and hence it is proved/ to be 
elastic.) The most decisive experiments on this sub- 
ject were made within a few years by Mr. Perkins. 
The experiments were made by means of a hollow 
[a cylinder, fig. 77, which was closed at the bottom, and 
made water tight at the top, by a cap, screwed on. 
Through this cap at a, passed the rod 5, which was 
five sixteenths of an inch in diameter. The rod was 
so nicely fitted to the cap, as also to be water ti^ht. 
Around the rod at c, there was placed a flexible nng, 
which could be easily pushed up or down, but fitted so 

closely as to remain on any part where it was placed 

• ■ -■ ■■ 

What 18 an elastic flmdl Why ia air called an elastic fluid 1 What 
nibitoDoeB are called liqukls 1 Wliat is due of the most obvious properties 
of iiqiddsl On whaldo the peeulitt muchanical properties of flukb depend 1 
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A ctanon of suffident oze to receive this cylinder^ wiiich 
wta three inches in diameter, was furnished with a strong 
cap and forcing pump, and set vertically into the ground. The 
cannon and cyhnder were next filled with water, and the cylin- 
der, with its rod drawn out, and the ring placed down to the 
cap, as in the figure, was plunged into the cannon. The 
%vater in the cannon was then subjected to an immense pres- 
sure l^ means of the forcing pump, after which, on examina- 
tion of the apparatus, it was found that the ring c, instead of 
being where it was placed, was eight inches up the rod. Thp 
water in the cylinder being compressed into a smaller space^ 
by the pressure of that in the cannon, the rod was driven in, 
while under pressure, but was forced out again by the expan- 
sion of the water, when the pressure was removed. Thus the 
ring on the rod would indicate tlie distance to which it had 
been forced in, during the greatest pressure. 

This experiment proved that water under the pressure of 
one thousand atmosmieres, that is, the weight of 15000 pounds 
to ^he square inch,%as reduced in bulk about one part in 
24. "" 

So slight a degree of elasticity under such immense pres- 
sure, is not appreciable under ordinary circumstances, and 
therefore in practice, (^in common experiments on this fluid, 
^vaier is considered a^mon-elasti<^k 

Equal pressure of Water. 

The particles of water, and other fluids, when confined^ 
press on the vessel which confines them/ in all directions, both 
upwards, doMmwards, and sideways^ 

From this property of fluids, together with their weight, oi 
gravity, very unexpected and surprising effects are proauced 

The effect of this property, which we shall first examine, is, 
that a quantity of water, however small, will balance another 
quantity however large. Such a proposition at first thought 
might seem very improbable. But on examination, we shall 
find that an experiment with a very simple apparatus will con 
vince any one of its truth. Indeed, we every day see this 
principle established by actual experiment, as wiU be seen 
dire ctly. 

In what respect does the pressure of a fluid differ from that of a solid 1 
Is water an elastic, or a non-elastic fluid 1 Describe fig. 77, and show how 
water was found to be elastic. In what propoitioa does the bulk of water 
diminishunder a preiMure of 15000 pounds to the sauaxein^l Inoommon 
experiments, is water considered elairtac, or non-ekntie? When walor if 
oonfined, in what dizedicm does it praail 
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f%* 78. d^. 7^ reprtaeniB a coitinHm eo ffise^pot, 

siroposed to be filled up to the dotted line Ot 
wim a decoction of coffee, or any other 
liquid. The cofiee, we know, stands exactly 
at the same height, both in the body of the 
pot, and in its spout. Therefore, the sroidl 
quantity in the spout, balances the large 
quantity in the pot, or presses with the same 
force downwards, as that in the body of the pot presses up- 
wards. This is obviously true, otherwise, the large quantity 
would sink below the dotted line, while that in the spout would 
rise above it, and run over) 

Fig. 79. The same principle is more strikingly 

illustrated by fig. 79. 

(^ppose the cistern a to be capable of 
holding one hundred gallons, and into its 
bottom there be fitted the tube 6, bent, as 
g seen in the figure, and capable of contain- 
ing one gallon. The top of the cistern, 
and that of the tube being open, pour wa- 
ter into the tube at c, and it will rise up 
through the perpendicular bend into the 
cistern, and If the process be continued, 
the cistern will be filled by pouring water 
It to the tube. Now, it is plain that the gallon of water in the 
tube, presses against the hundred gallons in the cistern with a 
force equal to the pressure of the hundred gallons, otherwise 
that in the tube would be forced upwards higher than that in 
the cistern, whereas, we find that the surfaces of both stand 
exactly at the same height j - 

From these experimentsAve learn, ^that tJie pressure of a 
fluid jfrnot in proportion to its quantity, but to tts height^ and 
that a large quantity of water in an open vessel, presses 
dovmwards with no more force^ than a small quantity of the 
same height!^ 

In this respect, the size or shape of a vessel is of /lio conse- 
quencev for if a number of vessels, differing entirely from each 
other in figure, position, and capacity, have a communication 
made between them, and one be filled with water, the sur- 

How docs the experiment with the cofiec-pot, show that a small quantity 
of li^iud wiH faaJaooe a large onel Explain 6g. 79, and show how the press- 
ure m the tube is aqua! to the pressure in the cistern. What conchision, or 
flenwa! truth, is to be drawn fh>m these experiments 1 What difference dioei 
me Aape or oze of a vessel make in respect to the pr^sore of a fkdd on its 
botlomi 
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Aiee of the fluid, in all, will be at exactly the same devation. 
If, thereibre, the water stands at an eoual height in all, the 
pressure in one must be just equal to that in another, and so 
equal to that in all the others. 

Fig. 80. 




m) make this obvious, suppose a number of vessels, of dif« 
feretrt shapes and sizes, as represented by fig. 80, to have a 
communication between them, by means of a small tube, pass* 
ing from the one to the other. I( now, one of these vessels 
he filled with water, or if water be poured into the tube a, all 
the other vessels will be filled, at the same instant, up to the 
fine b, c, _ Therefore, the pressure of the water in c, balances 
tliat in 1 , 2, 3, ^c, while the pressure in each of these vessels, 
is equal to that in the other, and so an equilibrium is produced 
throughout the whole series^ 

If an ounce of water be poured into the tube a,(it will pro- 
duce a pressure on the contents of all the other vessels, equal 
to the pressure of all the others on the tube) for, it will force 
the water in all the other vessels to rise upwards to an equal 
height witli that in the tube itself. Hence we must conclude, 
(that the pressure in each vessel, is not only equal to that in 
any of the others, but also that the pressure in any one, is 
equal to that in all the others^ 

From tliis we learn, that tne shape or size of a vessel has 
no influence on the pressure of its liquid contents, but that the 
pressure of water is as its height, whether the quantity be 
great or small. We learn also, that in no case will the weight 
of a quantity of Hquid, however large, force another quantity, 
however small, above the level of itsy)wn surface. 

Explain fig. 80, and show how the equilibrium is produced. Suppose an 
ounce of water be poured into the tube a, what will be its effect on the con- 
tents of the other vessels 1 What conclusion b to be drawn from pouring tlM 
ounce of water into the tube a 1 
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Fig. 81. 
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This is proved hf experiment; for if, from a pond sitaatad 
on a mountain, water be conveyed in an inch tube to the vallej 
in hundred feet below, the water will rise Just a hundrtd feet 
in the tube ; that is, exactly to the level ot the surfiice of the 
pond. Thus the water in the pond, and that in the tube, press 
equally against each other, and produce an exact equilibrium. 
Thus far we have considered the fluid as acting only in ves- 
sels with open mouths, and therefore at liberty to seek its ba- 
lance, or equilibrium bj its own ^vity. Its pressure, wv 
have seen, is in proportion to its height, and not to its bulk. 

Now, by other experiments it is ascertained that the prea* 
mire of a liquid is in proportion to £s height^ and its area at 
ike base. ^ 

propose a vessel ten feet high, and 
two reet in diameter, such as is repre- 
sented at 0, fig. 81, to be filled with 
water ; there would be a certain amouit 
of pressure, say at c, near the bottom. 
Let d represent another vessel, of the 
same diameter at the bottom, but onlv 
a foot high, and closed at the top. 
Now if a small tube, say the fourth oi 
an inch in diameter, be inserted into 
the cover of the vessel d, and this tube 
be carried to the height of the vessel 
a, and then the vessel and tube be fill- 
ed with water, the pressure on the bot- 
toms and sides of both vessels to the 
same height will be equal, and jets of 
water starting from d, and c, will nave exactly the same forces 
Tliis might at firat seem improbable, but to convince our^ 
selves of its truth, ^e have only to consider that any impres- 
sion made on one portion of the confined fluid in the vessel 
c?, is instantly communicated to the whole mass. * Therefore, 
the water in the tube h presses with the same force on every 
other portion of the water in (2, as it does on that small portion 
over which it stands^ 
This principle is illustrated in a very striking manner by 

What is the reason that a lur^ quuitity of water will not force a small 
mantity above its own levell Is the force of water in proportion to its 
E^ht, or its quantity 1 How is a small quantity of water shown to pre« 
eqnai to a large quantity hy fig. 811 Explain the reason why ths pieiraie 
n as great at 3, as at c; 

9 
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die ezperuiieiity which has often been made, of bursting the 
flirongest wine cask with a few ounces of water. 

FQ.tt 'Supposeoy fig. 82, to be a strong cask ahready 
fiued with water, and suppose the tube 5, thirty 
feet high, to be screwed, water tight, into its 
head. When water is poured into the tube, so 
as to fill it gradually, the cask will show increas 
ing signs of pressure, by emitting the water 
through die pores of the wood, and between the 
joints : and finally as the tube is filled, the cask 
will burst asunderj 

The same appmtus will serve to illustrate the 
upward pressure of water ; /for if a small stop- 
cock be fitted to the upper n^d, on turning this, 
when the tube is filled, a jet of water will spirt 

Swith a force, and to a height that will aston- 
ajl who never before saw such an experi 
ment/ 

In theory, the water will spout to the same 
height with that which gives the pressure, but in 
practice, it is found to fall short, in the following proportions : 
If the tube be twenty feet high, and the ormce for the jet 
half an inch in diameter, the water will spout nearly nineteen 
leet If the tube be fifty feet high, the let will rise upwards 
of forty feet, and if an hundred feet, it ^vill rise above eighty 
feet. It is understood in every case, that the tubes are to be 
kept fidl of water. 

The height of these jets show the astonishing effects that a 
•mall quantity of fluid produces when pressing from a perpen- 
dicular elevation. 

An instrument .called the hydrostatic bellows, also shows, 
in a striking manner, the great force of a small quantity of 
water, pressmg in a perpendicular direction. 

This instrument/consists of two boards, connected together 
with strong leather, in the manner of the common bellows. 
It is then furnished with a tube a, fig. 83, vi^hich communi- 
cates between the two boards. A person standing on the 
upper board, may raise himself up by pouring water into the 
tube. If the tube holds an ounce of water, and has an area 

How IB the flame principle illustrated by fig. 82 1 How is the upward 
ppnuiuu of water illustrated by the same apparatus 1 Under the pressure of 
% eohunn of water twenty feet high, what will be the height of the jet ? 
Undor a pnaore of a hundred feet, how high will it nse 7 
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^^ aaual to a thousandth part of thearaa 

- of the top of the bellows, one ounce of 
^ter in the tube will balaiicse a tboi^ 
sand ounces placed on the blellowsy 

This property of water was applied 
bjr Mr. Bramah to the construction of 
his hydraulic press. But iniAead of a 
high tube of water, which in most cases 
could not be readily obtained, he sub- 
stituted a strong forcincr piunp, and in* 
stead of the leather bellows, a metallie 
pump barrel, and piston. 

This arrangement will be understood 
by fig. 84, where ^e pump barrel, a, h^ 
is represented as oiViaed lengthwise, in 
order to show the inside. The 
piston, c, is fitted so accurately 
to the barrel, as to work up and 
down water tight; both bane 
and piston being made of irons 
The thing to be broken, or 
pressed, is laid on the flat sur- 
face, t, there being above this, 
a strong frame to meet the 
pressure, not shown in the 
figure. The small forcing pump, 
or which d is the piston, and h 
the lever by which it is worked, is also made of iroq)* 

Now, suppose the space between the small piston and the 
large one, at ir, to be filled with water, then, on forcing down 
the small piston, d, there will be a pressure against the large 
piston, c, the whole force of which will be in proportion as the 
aperture in which c works, is greater than that in which d 
works. If the piston, d, is half an in<^ in diameter, and the 
piston, c, one foot in diameter, then the pressure on c will be 
576 times greater than that on d. Therefore, if we suppose 
the pressure of the small piston to be one ton, the large piston 
will be forced up against any resistance, with a pressure equal 





proportion between the pwtWMB giien by the nsall piitoii, and tfae ftioe c» 
fited on the laije one? 
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to the weight of 576 toiu. It would be easy for a )img1e inaii 
to giTe the pressiire of a ton at (2, by means of the lever, and 
therefore a man, with this engine, would be able to exeit a 
force equal to the weight of near 600 tons. 

It is evident, that the force to be obtained by this principle, 
can only be limited bythe strength of the materials of which 
the engine is made. Thus, if a pressure of two tons be given 
to a piston, the diameter of whicn is only a quarter of an inch, 
the force transmitted to the other piston, if three feet in dia- 
meter, would be upwards of 40,0(X) tons ; but such a force is 
much too great for the strength of any material with which 
we are acquainted. 

A small quantity of water, extending to a great elevation, 
would ffive the pressure above described, it being only for the 
sake of convenience, that the forcing pump is employed, in- 
stead of a column of water. 

There is no doubt, but in the operations of nature, great 
effects are sometimes produced among mountains, by a small 
quantity of water finding its way to a reservoir in the crevices 
of the rocks &r beneath. 

Fig. 86. (Suppose, in 

the interior oi 
a mountain, fiff. 
85, there should 
be a space of 
lOyards square, 
and an inch 
deep, filled with 
water, and cio 
sed up on all 
sides; and sup- 

pose that in the 

course of time, a small fissure, no more than an inch in dia- 
meter, should be opened by the water, from the height of two 
hundred feet above, down to this little reservoir. The con- 
sequence might be, that the side of the mountain would burst 
asunder, for the pressure, under the circumstances supposed, 
would be equal to the weight of five thousand tons* 

^ What 18 the estimated force which a man could |[ive by one of these en- 
gines? If the pressure of two tons be made on a piston of a quarter of an 
mch in diameter, what will be the force transmitted to the other piston ol 
thiee ftet In diameter? What is said of the pfomire of water in thecrefices 
ef noantsiiis, and the oonseqnenoesl 
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Water Let>el 
We have seen, that in whatever sitnatioii water ia plaeed» U 
alwajs tends to seek a level. Thus, if sereral Tesaels eom- 
mumcating with each other be filled with water, the fluid will 
be at the same height in all, and the level will be indicated by 
a straight line drawn through all the vessels, as in fiff. 80. 

It is on the principle of Uiis tendency, that the litUe instm- 
ment called the water level is constructed. 

F%- ^- The form of this instnt 

ment .is represented by 'fig. 
86. (it consists of a, ft, a 
tube, with its two ends 
turned at rifht angles, aiid 
left open, into one of the 
ends is poured water or mercury, until the fluid rises a little 
in the angles of the tube. On the surface of the fluid, at 
each end, aire then placed small floats, carrying upright frames, 
across which are drawn small wires or hairs, as seen at c and 
d. These hairs are called the sightSf and are across the fiue 
of the tube. 

It is obvious that this instrument will always indicate a 1^ 
vel, when the floats are at the same height, in respect to each 
other, and not in respect to their comparative heights in tha 
ends of the tube, for if one end of tne instrument be held 
lower than the other, still the floats must always be at the sama 
height. To use this level, therefore, we have only to bring the 
two sights, so that one will range with the other ; and on pla- 
cing the eye at c, and looking towards d, tiiis is determinea ib 
a moment.! 

^hiis level is indispensable in the construction of canals and 
aqueducts, since the engineer depends entirely on it, to ascer- 
tain whether the water can be carried over a given hill or 
mountain^) 

Fig. 87. The common spirit level\ consists of 

a glass tube, ^g, 87, filled with spirit of 
wine, excepting a small space in which- 
there is leA a bubble of air. This 
bubble, when the instrument is laid on 



On wkat principle is the water-level constructed 1 Descsribe te mamur 
in which the kyel with sights is used, and the reason why the floats will al- 
ways he at the same heipt. What is the use of the level 7 Desoibe tks 
eonunon s^arit level) and the method of nslDg it 
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a level surface, will be exactly in the middle of the tube, and 
•therefore to adjust a level, it is only necessary to bring the 
bubble to this position. 

The glass tube is enclosed in a brass case, which is cut out 
on the upper side, so that the bubble may be seeii, as repre* 
sented in tlie figure. 

This instrument is employed by builders to level their work, 
and is highly convenient for that purpose, since it is only ne- 
cessary to lay it on a beam to try its level. 

Specific Gravity. 

If a twnbler be filled with water to the brim, and an egf, oi 
any other heavy solid, be dropped into it, a quantity of the 
fluid» exactly equal to the size of the egg^ or other solid, will 
be displaced, and will flow over the side of the vessel. Bodies 
which sink in water, therefore, displace a quantity of the fluid 
equal to their own bulks^ 

Now, it is found, hyr experiment, that when any solid sub- 
stance sinks in water, it loses, while in the fluid,/a portion of 
its weight, just equal to the weight of the bulk ofSvater which 
it dispuLces.' This is readily made evident by experiment. 

Fig. 88. ^ake a piece of ivory, or 

any~'other substance that will 
sink in water, and weigh it 
accurately in the usual man- 
ner; then suspend it by a 
thread, or hair, in the empty 
cup 0, fig. 88, and then ba- 
lance it, as shown in the 
figure. Now pour water into 
the cup, and it will be found 
that the suspended body will 
lose a part of its weight, so 
that a certun number of grains must be taken from the oppo- 
site scale, in order to make the scalea balance as before the 
water was poured in.; The number of grains^ taken from the 
opposite scale, show the weight of a^ quantity of water equal 
to the bulk of the body so suspended.. 

When a sotid is weighed in water, why does it lose a part of its weight ? 
How much less will a cubic inch of any substance weigh in water than in 
•ir 1 How is it proved by fig. 88, that a brdy weighs- less in water than in 
sir 1 What is the specific gravity of a>bod5 1 How ant the specific giaviiies 
of solid bodies takeal 
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It u on the principle, that bodies weiffh less in the water* 
than they' do wnen weighed out of it, or m the air, that water 
becomes the means of ascertaininff their specific gravities, for 
it is by comparing the weight of a body in the water, with what 
it weighs out of it, that its specific gravity is determined. 

Thus, suppose a cubic inch of gold weighs 19 ounces, and 
on being weighed in wa!:er> weighs only 18 ounces, or loses a 
I nineteenth part of its weight, it will prove that gold, bulk for 

bulk, is nineteen times heavier than water, and mus 19 would 
be the specific gravity of gold. And so if a cube of copper 
weigh 9 ounces in the air, and only 8 ounces in the water, 
then copper, bulk for bulk, is 9 times as heavy as water, and 
tfierefore has a specific gpravity of 9. 

If the body weigh less, bulK for bulk, than water, it is obvi- 
ous that it will not sink in it, and therefore weights must be 
I added to the lighter body, to ascertain how much less it weighs 

than water. 

• The specific gravity of a body, theUj is merely its weight, 
compared with me same bulk of water; and water is thus 
roiade the standard by which the weights of all other bodies 
are compared. 

To take the specific gravity of a solid which sinks in water, 
(first weigh the body in the usual manner, and note down the 
number of grains it weighs. Then with a hair, or fine thread, 
suspend it from the bottom of the scale-dish, in a vessel of 
water, as represented by fig. 88. As it weighs less in water, 
weights must be added to the side of the scale where the body 
is suspended, until they exactly balance each other. Next 
note down the number of grains so added, and they will show 
the difiference between the weight of the body in air, and in 
r water.; 

. . It is obvious, that the greater the specific gravity of the body,^ 
I ' the less, comparatively, will be this difference,.l)ecause each 
body displaces only its own bulk of water, and some bodies of 
the same bulk, will weigh many times as much as others 

For example, we will suppose that a piece of platina, weigh- 
mj^ 22 flitmces, will displace an ounce of water, while a piece 
or silver, weighing 22 ounces, will displace two ounces of 
water. The platina, therefore, when suspended as above de- 
scribed, will require one ounce to make the scales balance. 



% Why does a heavy body weigh ooinpaxatiyely lorn in the water than • 
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while the same weight of sOrer wOl require two ounces foi 
the same purpose. The phtina, therefore, bulk for bulk, will 
weiffh twice as much as Uie sUTer, and will have twice as 
much specific gravity. 

Having noted down the difierence between the weight of 
the body in air and in water, as above explained, the specific 
gravity is fouiid(by dividing the weight in air, by the loss in 
wateri The greater the loss, thereft^re, the less will be the 
specific gravity, the bulk being the same. 

Thus, in the above example, 22 ounces of platina was sup- 
posed to lose one ounce in water, while 22 ounces of silver 
lost two ounces in water. Now 22, divided by 1, the loss of 
the platina, is 22 ; and 22 divided by 2, the loss in the silver, 
is 1 1 . So that the specific pavity of platina is 22, while that 
of silver is 11. The specific gravities of these metals, are, 
however, a little less than here estimated. [Far other methods 
of taking specific gravity^ see Chemistry.] 

Hydrometer. 

The hydrometeniR an instrument, by which the specific 
gravities of fluids are ascertained, by the depth to which it 
» jiinks below their surfaces.; 

Suppose a cubic inch of lead loses, when weighed in water, 
253 grains, and when weighed in alcohol, only 209 grains, 
tfien, according to the principle already recited, a cubic inch 
of water actually weigns 2S3, and a cubic inch of alcohol 
209 grains, for when a body is weighed in a fluid, it loses just 
Ae weight of the fluid it displaces. 

Water, as we have already seen, is the standard by which 
the weights of other bodies are compared, and by ascertaining 
what a given bulk of any substance weighs in water, and then 
what it weighs in any other fluid, the comparative weight of 
water and this fluid ivill be known. For if, as in tlie above 
example, a certain bulk of water weighs 253 grains, and the 
same bulk of alcohol only 209 grains, then alcohol has a spe- 
cific gravity, nearly one fourth less than water. 

It is on this principle that the hydrometer is constructed. 

Having taken the di£feiaioe between the weight of a body in air and in 
water, by what rale ia its specific gravity found f Gtive the example stated, 
and show how the difierenoe between die spediSc gravities of platina and silver 
is ascertained. What is the hydrmneter f Suppose a cubic inch of any sub- 
stance weiffhs 253 grains less in water than in air, what is the actual weight 
«f a cubic inch of water? On what principle is the hydrometer finmdea t 
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dt is composed of a hollow ball of glass, or metal, with a gra- 
duated scale rising from its upper part, and aweight on its 
under part, wLich serves to balance it in the flu^ 

Fig. 89. Such an instrument is represented by fig. 

89, of which b ia the graduated scale, and a 
the weight, the hollow ball being between 
them. 

To prepare this instrument for use, (weights, 
in grams, or half grains, are put into the little 
ball a, until the scale is carried down, so that 
a certain mark on it coincides exactly with this 
surface of the water) This mark then becomes 
the standard of comparison between water and 
any other liquid, in which the hydrometer is 
placed. $.f plunged into a fluid lighter than 
water, it will sink, and consequently the fluid 
will rise higher on the scale. If the fluid is 
heavier than water, the scale will rise above 
the surface in proportion, and thus it is ascertained, in a mo- 
ment, whether any fluid has a greater or less specific gravity 
than water^> 

To know precisely how much the fluid varies from the stand- 
ard/jhe scale is marked off into degrees, which indicate grains 
by weight, so that it is ascertainea, very exactly, how much 
the specie gravity of one fluid differs from that of another. ' 

^ater being the standard by which the weights of other 
substances are compared, it is placed as the unit, or point of 
comparison, aitdis therefore 1, 10, 100, or 1000, the ciphers being 
added whenever there are fractional parts expressing the speci- 
fic gravity of the body. It is always understood, therefore, that 
the specific gravity of water is 1, and when it is said a body 
has a specific gravity of 2, it is only meant, /that such a body 
is, bulk for bulk, twice as heavy as water^ If the substance is 
lightier than water, it has a specific gravity of 0, with a frac- 
tional part. Thus alcohol has a specific gravity of 0,809, that 
is 809, water being 1000. 




^ How 18 this instrument fanaou ? Uow is the hydrometer prepared for use 1 
iiow is it known, by this instrument, whether the fluid is ughter or heavier 
then water 1 What is the standard by which the weights of other bodies are 
compared 1 What is the specific gravity of water 1 ^ When it is said that 
the specific gravity of a body Is 2 or 4, what meaning is intended to be 
eonveyedl 
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By means of this mstniment, it can be told with great aeeu*- 
racy how much water has been added to spirits, for the great- 
er ue quantity of water, the higher will the scale rise above 
the surface. 

The adulteration of milk with water, can also be readily 
detected with it, for as new milk has a specific gravity of 1032, 
water being 1000, a very small quantity of water mixed with 
it would be indicated by the instrument. (See Specific Gravi' 
ty in Chemistry.) 

Tke Syphon, 

Take a tube, bent like the letter U, and having filled it with 
watei, place a finger on each end, and in this state plunge one 
of the ends into a vessel of water, so that the end in the water 
shall be a little the highest, then remove the fingers, and the 
liquid will flow out« and continue to do so, until the vessel is 
exhausted. 

A tube acting in this manner, is called a syphon, and is re- 
presented by fig. 90. The reason why the water flows from 

the end of the tube a, and conse- 
quently ascends through the other 
part, is, that there is a greater weight 
of the fluid from 5 to a, than from c 
to 6, because the perpendicular 
height from 5 to a is the greatest. 
The weight of the water from 6 to a 
falling downwards, by its gravity, 
tends to form a vacuum, or void 
space, in that leg of the tube ; but 
the pressure of the atmosphere on 
the water in the vessel, constantly 
forces the Jnid up the other leg of the tube, to fill the void 
space, ai\d^us the stream is continued as long as any watei 
remains In the vessel. 

The action of the syphon depends upon the same principle 
as the action of the pump, namely, the pressure of the atmo- 
sphere, and therefore its explanation properly belongs to Pneu- 
matics. Itiis introduced here merely for the purpose of illus- 
trating the phenomena of intermitting springs ; a subject which 
properly b elongs to Pneumatics. 

Alcohol has a specific gravity of 809 ; what, in reference to this, is the spe- 
cific gravity of water % In what maimer is a syphon made 1 Explain the rea- 
son why the water ascends through one ^g of the syphon, and deacendh 
through the other. 
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Some springSy situated on the sides of moiintaiiis,l9ow for a 
«F]iile wito great violence, and then cease entirely. After a 
time they begin to flow again* and then suddenly stop, as be- 
fore. These are called intermitting springs* Among igno- 
rant and superstitious people, these strange appearances hare 
been attributed to witchcrafi, or the influence of some super- 
natural power. But an acquaintance with the laws of nature 
will dissipate such ill founded ofMnions, by showing that they 
owe their peculiarities to nothing more than naturu syphonsv 
existing in the mountains from whence the water flows. 

Fig. 91. 




Fig. 91 is the section of a mountain and spring, showing 
how the principle of th^ syphon operates to produce the efiect 
described. Suppose there is a crevice, or hollow in the rock, 
from a to &, and a narrow fissure leading from it, in the form 
of the syphon h c. The water, from the rills/, e, filling the 
hollow, up to the line a d, it will then discharge itself through 
the syphon, and continue to run until the water is#exbausted 
down to the leg of the syphon 5, when it will cease. Then 
the water from the rills continuing to run until the hollow is 
again filled up to the same* line, the syphon again begins to 
act, and again discharges the contents of the reservoir as be- 
fore, and thus the spring p, at one moment, flows with great 
violence, and the next moment ceases entirely. 

The hollow, above the line a d^ia supposed not to be filled 
with the water at all, since the syphon begins to act whenever 
the fluid rises up to the bend d. . 

What is an intermittiiig sprinffl How ifl the phen(Miienon of the inter- 
inittiiig apdag explained 1 E^ohm fig. 91, and show the reason why fadi a 
spring vul flovr, and cease to&yw, alternately. -^ " 
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During tlie dry seasons of the year, it is obvious, that snch 
a spring would cease to flow entirely, and would begin again 
only unien the water from the mountain filled the cavi^ 
tfarouffh the rills. 

Such springs, although not very common, exist in Tarious 
parts of the world. Dr. Atwell has described one in the Phi- 
losophical Transactions, which he examined in Devonshire, in 
E^fland. The people in the neighborhood, as usual, ascri- 
bed its actions to some sort of witchery, and advised the doctor, 
in case it did not ebb and flow readily, when he and his friend 
were both present, ^t one of them should retire, and see 
what the spring would do, when only the other was present 



HYDRAULICS. 

It has been stated, that Hydrostatics is that branch of Natu 
ral Philosophy', which treats of the weight, pressure, and equi- 
librium of fluids^and that Hydraulics ^las for its object the 
investigation of the laws which regulate fluids in motion. 

If the pupil has learned the principles on which the pressure 
and equilibrium of fluids depend, as explained under the for- 
mer article, he will now be prepared to understand the laws 
which govern fluids when in motion. 

The pressure of water downwards, lis exactly in the same 
proportion to its height, as is the pressure of soHds in the same 
\dt|^ction. 

- Suppose a vessel of three inches in diameter has a billet 
of wood set up in it, so as to touch only the bottom, and sup- 
pose the piece of wood to be three feet long, and to weigh 
nine pounds ; then the pressure on the bottom of the vessel 
will be nine pounds. If another billet of wood be set on this, 
of the same dimensions, it will press on its top with the 
weight of nine pounds, and the pressure at the bottom will be 
18 pounds, and if another billet be set on this, the pressure at 
the bottom will be 27 pounds, and so on, in this ratio, to any 
heiffht the column is carried. 

]N ow the pressure of fluids is exactly in the same proportion ; 
and when confined in pipes, may be considered as one short 
column set on another, each of which increases the pressure 
of the lowest, in proportion to their number and heignt . 

How does the science of Hydrostatics differ from that of HydrauHos 1 Does 
the downward pressure of water diflfer from the downward pressure of soli^ 
In propoition 1 How is the downwaxd pressure of water illustrated 1 
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Sif . 93. Thtu, notwithstanding the iatera] preMore of 
fluids, their downward pressure is as their heights.^ 
This fart will be found of importance in tlie iuve»> 
tigation of the principles of certain hydraulic ma- 
.A chines, and we have therefore endeavoured to im» 
press it on the mind of the pupil by fig. ^fSL where 
It will be seen, that if the pressure of three feet of 
water be eoual to nine pounds on the bottom of 
.4|A the vessel, the pressure of twelve feet will be equa 
to thirty-six pounds. 

The quantity of water which will be discharged 
from an orifice of a given size, will be in proper- 
.£jtion^ to the height of the column of water above it, 
for the discharge will increase in velocity, in pro- 
portion to the pressure, and the pressure^ we nave 
already seen, will be in a fixed ratio to the 
height, -f 

If a vessel, fig. 93, be fil- 
led with water, and three 
apertures be made in its side 
at the points a, 6, and c, the 
fluid will be thrown out in 
jets, and will fidl towards the 
earth, in the curved lines, a, 
&, and c. /It'he reason why 
these curves differ in shape, 
is,.'lSiat the fluid is acted on 
by two forces,*^ namely, the 
-pressure of the water above 
the jet, which produces its velocity forward, and the action of, 
gravity, which impels it downward. ) It therefore obeys the 
same laws that solids do when projected forward, and falls 
down in curved lines, the shapes oi which depend on their 
>celative velocities. 

The quantity of water discharged, being in proportion to 
the pressure, that discharged from each orifice will difler in 
quantity according to the height of the water above it. 
It is found, however, that the velocity with which a vessel 

Without reference to the lateral pressure, in what j Topord'on do fluids press 
downwards % What will be the pro|iortion of a fluid discharged from an oiv 
Ibe of a jsriven oze ? Why do the lines described by the jets from tbieveaKi, 
tiff. 93, diiler in shape? 

10 
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disdmrges its contents, ipoes not depend entirely on the pres- 
Mii^ but in part pn the kind of orifice through which the 
Mqvid flows^ It might be expected, for instance, that a tin 
Teasel of a given capacity, with an orifice of say an inch in 
diameter throoffh its side, would part with its contents sooner 
flian another of the same capacity and orifice, whose side was 
an inch or two thick, since the Mction through the tin might 
be considered much less than that present^ by the other 
orifice. But It lias been found by experiment, that the tin 
resseldoes not part with its contents so soon as another vessel, 
of the same height and size of orifice, from which the water 
flowed through a short pipe. And, on varying the lengdi of 
diese pipes, it is found that the most rapid discharge, other 
circumstances being equal, (^ throuffjia pipe^ \\hose length 
is twice the diameter of its orifice? \[Sucn &a >j^rture dis- 
charged 82 quarts, in the same time mat another vessd of 
tin without the pipe, discharged 6<2 quarts'^ 

This surprising difference is accountea for, by supposing 
that the cross currents, made by the rushing of the water from 
difierent directions towards the orifice, mutually interfere with 
each other, by which the whole is broken, and thrown into 
confusion by the sharp edge of the tin, and hence the water 
issues in the form of spray, or of a screw, from such an orifice. 
A short pipe seems to correct this contention among opposing 
currents, and to smooth the passage of the whole, and hence 
we may observe, that from such a pipe, the stream is round 
and well defined. 

Friction between solids and fluids. 
The rapidity with which water flows through pipes of the 
same diameter, is found to depend much on the nature of 
ttieir internal surfaces. Thus, a lead pipe with a smooth aper- 
tuire, under the same circumstances, will convey much more 
water than one of wood, where the surface . is rough, or beset 
with points. In pipes, even where the surface is as smooth as 

What two forces act upon the ilmd as it is discharged, and* how do these 
fiffoes DToduce a curved hne ? Does the velocity witn which a-fluid is dis- 
diaxged, depend entirely on the pressure 1 What circumstance, besides pres* 
sure, ftcilitates the discharge of water from an orifice 1 In a tube discharg- 
ing water with the grCfttetM^ velocity, what is the proportion between its dia- 
meter and its length ? ^^^^ ^ the proportion between Uie quantity of fluid 
diichaigod through «n Au6e of tin, and through a short pipe 1 Suppose a 
lead and a fAaan tube, or the same diameter, which will deliver th^ greatest 
quantity of ui|iiid in the same time 1 ( • 
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glass, there is still con8^ral4^ friction, for in all eases tha 
water is found to pass more rapidly in the middle of the stream 
than it do^s on tlie outside, where it rubs against the sides of 
the tube. 

The sudden tarns, or angles of a pipe,(are also found to'ba 
a considerable obstacle to me rapid conveyance of tlie water, 
for such angles throw the fluid into eddies or currents, by 
which its velo«ty is arrested^ 

In practice, therefore, sudden turns are generally avoided, 
and where it is necessary that the pipe should change its diree^ 
tion, it is done by means of as large a circle as convenient 

Where it is proposed to convey' ?Vertain quantity of water 
to a considerable distance in pipes, there will be a great dis- 
appointment in respect to the quantity actually delivered, un- 
less the engineer talves into account the friction, and the turn- 
ings of the pipes, and makes large allowances for these cif- 
cumstances. If the quantity to be actually delivered ought to 
fill a two inch pipe, one of three inches will not be too ^eat 
an allowance, if the water is to be conveyed to any consider- 
able distance. 

In practice, it will be found that a pipe of two inches in 
diameter, one hundred feet long, will uischar^e (libout ^rt 
limes as much}water as one of one inch in diameter of the 
same length, and under the same pressure, lliis difference 
is accounted for/by supposing that both tubes retard the mo- 
tion of the fluid, by friction, at equal distance from their in- 
ner surfaces, and consequently, that the eflect of this cause is , 
much greater in proportion, in the small tube, than in the 
large onej 

The effect of friction in retarding the motion of fluids is 
perpetually illustrated in the flowing of rivers and brooks. 
On the side of a river, the water, especially where it is shal- 
fow, is nearly still, while in the middle of the stream it may 
run at the rate oAfive or six miles an hour. For the same rear 
son, the water at the bottoms of rivers is much less rapid than 
at the surface^ This is oAen proved by the oblique position 
of floatiuj^ substances, which in still water would assume a 
vertical direction. 



-•— ^ 



Why win the glass tube deliver most 1 What is sakl of the madden tuniK 
ings of a^tubain retarding the motion of the fluid 1 How much more water 
wm a twojifli tube of a hundred feet long diachaife, than a one inch Cube 
•fthe sa™|B|i^ How is tins difTerenoe aooiianted firl How do ri 
show the eflStHriction in retarding the motion of thor waHn ) 
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~~ ~ ^bus, suppose the n^ck of wood e, tf 

04, to be loaded at one eod with lead, of 
tlie same diameter as the wood, so as to 
make it stand upright in still water. In 
the current of a nver, where the lower 
end nearly reaches the bottom, iiwiil in* 
cline as in the figure, because the water 
ia more rapid towards the surface than st 
the bottom, and hence the tendency oi 
the upper end to move faster than the low- 
er one, gives it an inclination forward-^ 
Machines for raising water. 
The common pump, though a hydraulic machine, depend* 
on the pressure of the atmosphere for its effect, and therefore its 
explanation comes properly under the article Pneumatics, where 
the consequences of atmospheric pressure will be ilkislrated. 
Such machines only, as raise water without the assistance 
of the atmosphere, come properly under the present article. 
Among these, one of the most curious, as well as ancient 
machines, is the screw of iirchimedes,.ai\d which was invent- 
ed by that celebrated philosopher, two hundred years befor« 
tlie Christian era, and then employed for raising water and 
draining land in Eg>'pt. 

fig. 99. 



' In consists of a large tube, fi^. S6, eoilefl around e shaft 
of wood to keep it in place, and give it support Both enda of 

Ezjdun flg. 94. Who b mid to hive been the inirBntor of ArcMntedcif 
KKwl Elxjibin tlui maehine, MTcpraKUIsd in £g. Ki, jfulslilhr bow tli* 
vatCT if ilntlal b J tumiiic iL 
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the tnbe are open, the lower one being dipped into the wattt 

to be raised, and the upper one discharging it in an intermii- 
tin^ stream. The shaft turns on a support at each end, that 
at the upper end being seen at a, the lower one being hid bjr 
the water. As the machine now stands, the lower bend of 
the screw is filled with water, since it is below the surface c* A 
On turning it by the handle, from left to right, that part of 
the screw now nlled with water will rise above the surface c, d, 
and the water having no place to escape, fiJIs into tlie next 
lowest part of the screw at e. At tlie next revolution, that 
portion which, during the last was at 6, will be elevated to gt for' 
the lowest bend will receive another supply, which in the mean 
time will be transferred to e, and thus by a continuance of^thls 
motion, the water is finally elevated to the discharging orifice fi 
This principle is readily illustrated ^y winding a piece of 
lead tube round a walkinjg stick, and then tuminff the whole 
wiii one end in a dish of^water,^as shown in the figure. 

Fig. 96. Instead of this method, water was some- 

times raised by the ancients, by means of a 
d rope, or bundle of ropes, as shown at fig; 

rV This mode illustrates in a very strikioff 

manner the force of friction between a solid 
and fluid, for it was by this force alone* 
tha^ the water was supported and elevatedL 
The large wheel a, is supposed to stan^ 
over the well, and ft, a smaller wheel, is 
fixed in the water,. The rope is extended 
between the two wheels, and rises on one 
side in a perpendicular direction. On turiv- 
ing the wheel by the crank d, the water la 
brought up by the friction of the rope, and 
fiilling into a reservoir at the bottom of the 
frame which supports the wheel, is discharged at the spout dl' 
It is evident that the motioti of the wheel, and consequently 
that of the rope, must be very rapid, in order to raise any coil- 
siderable quantity of water by this method. But when th« 
upward velocity of the rope is eight or ten feet per second, a 
large quantity of water may be eleviated to a considerabte 
height by this machine. 
For the different modes of appl)ang water as a power for 

How may the principle of Aichimedes' tcrew be re^fijily Qlmtiated 1 ^ 
shin in what manmsr water m nked by the machine lidreNiited by fig. A 

10» 
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AMiig nifllB, and other useful purposes, we must refer* the 
reader to works on practical mecnanics. There is, howevcr» 
me method of tumiog machinery hj water, invented by Dr 
Bariier* which is stricUy a philosophical, and at the same time 
a moeC corf ous invention, and therefore is properly introduced 

This machine is called Barker's 
centrifugal mill, and such parts of it 
as are necessary to undersiand the 
principle on which it acts are rep- 
resented by fig. 97. 

ft'he upright cylinder a, is a tube 
which has a funnel shaped mouth, 
fpr the admission of the stream of 
water from the pipei. This tube is 
six or eight inches in diameter, and 
may be trom ten to twenty feet long. 
The arms n and o, are also tubes 
communicating freely with the up- 
right one, from the opposite sides of 
which they proceed. The shaft tU 
is firmly fastened to the inside of the 
tube, openings at the same time be- 
ing left for the water to pass to the 
arms o and n. The lower part of 
the tube is solid, and turns on a point 
resting on the block of stone or iron, c. The arms are closed 
at their ends, near which there are orifices on the. sides op- 
posite to each other, so that the water spouting from themt 
will fly in opposite directions. The stream from the pipe &, 
is regulated \iy a stopcock, so as to keep the tube a constantly 
full without overflowing. 

To set this engine in motion, suppose the upright tube to 
be filled with water, and the arms n and o, to be given a 
alight Impulse ; the pressure of the water from the perpendi- 
cuur column in the large tube wilt give the fluid a velocity ol 
discharge at the ends of the arms proportionate to its height 
The reaction that is produced by the flowing of the water on 
Ae points behind fhe dischar^ng or^ce, will continue, 
ud increase the rotaiory motion thus begun. After a 
lew revolutions, the machine will receive an additional im- 
hy the 'cent rifugal force generated in the arms, and 
WhBtii4^97iiileiid0Atewpnnatl D«Hsribe this milL 
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in consequence of this, a much more violent and rapid dis- 
charge of the water takes place, than would occur hy the pres- 
sure of that in the upright tube alone. The centrifugal force 
and the force of the discharge thus acting at the same time, and 
each increasing the force of the other, Qiis machine revolves 
with great velocity and proportionate power. The friction 
which it has to overcome, when compared with that of other 
machines, is very slight, being chiefly at the point c, where 
the weight of the upright tube and its contents is sustained. 

By fixing a cog wheel to the shaft at d, motion may be 
given to any kind of machinery required. 

Where the quantity of water is smsdl, but its height consi- 
derable, this machine may be employed to great advantage, it 
being under such circumstances one of the most powerful en- 
gines ever invented. 



PNEUMATICS. 

The term Pneumatics is derived from the Greek pneumct^ 
which signifies breathy or air, Il^s that science whicn investi* 
gates the mechanical properties of air, and other elastic fluids.^ 

Under the article hydraulics^ it was stated that fluids were 
of two kinds, namely, elastic and non-elastic, and that air and 
the gases belonged to the first kind, while water and other 
liquids belonged to the second. 

The atmosphere which surrounds the earth, and in which 
we live, and a portion of which we take into our. lungs at eve- 
ry breathV is called air, while the artificial products which 
possess the same mechanical properties, are called gases. 

When, therefore, the word air is used, in what follows, it 
will be understood to mean the atmosphere which we breathe. 

Every hollow, crevice, or pore, in solid bodies not filled 
with a liquid, or some other substance, appears to be filled 
with air : thus, a tube of any length, the bore . of which is as 
small as it can be made, if kept open, will be filled with air ; 
and hence, when it is said that a vessel is filled with air, it is 
only meant that the vessel is in its ordinary state. Indeed, this 
fluid finds its way into the most minute pores of all substances, 
and cannot be expelled and kept out of any vessel, without the 
assistance of the air pump, or some other mechanical means^* 

What is pneumatics 7 What is air 1 What is gas 7 What is meant when 
it k said thai a vessel is fi&ed wth air 1 Is theie aiqr difficulty in ezpeUing 
die air from vesecl i i t 
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By the elcatidhf of air, is meant its spring, or the forea 
with which it re-acts when compressed in a dose vessel.) It 
is chiefly in respect to its elasticity and lightness, that the me* 
chanical properties of air differ from those of water and othei 
liquids. 

Elastic fluids differ from each od)£r in respect to the per' 
manency of the elastic property. HThus, steam b elastic only 
while its heat is continuea, and oif cooling returns again to 
the form of water. - 

Some of the gases also, on being strongly eompressed, lost 
their elasticity, and take Uie form of liquids. • But air difl^ 
from these, in being permanently elastic\ that isy if it be com- 
pressed with ever so much force, and^retained under com-, 
pression for any lenfi^th of time, ife'does not^' therefore lose its 
elasticity, or disposition to regain its former bulk, but always 
F^. 98. re-acts with a force in proportioz/to the power by 
which it is compressed^ ^ 

, Thus, if the strongrobe, or barrel, figv98, be 
smooth, and equal on the inside, and there be fit- 
ted to it the solid piston, or plug a, so as io work 
up and down air tight, by the nandle b, the air 
in the barrel may l^ compressed into a space a 
hundred times less than its usual bulk. Indeed^ 
if the vessel be of sufficient strength, and the 
L force employed sufficiently great, its bulk may 
be lessened a. thousand times, or in any proper 
tion, according to the force employed ; and ii 
kept in this state for years it will regain i^^fy* 
l£ mer bulk the instant the pressure is removed^ 
Thus, it is a general principle in pneumaticSyWai 
air is compressible in proportion to the force employed. 

On the contrary, when the ukual pressure of the atmosphere 
is removed from a portion of air, it expands and occupies a 
space larger than before ; and it is found by experiment that 
this expansion is in a ratio, as the removal of the pressure is 
more or less complete. Air also expands or increases in 
bulk when heated. 

If the stop-cock c, fig. 98, be opened, the piston a may be 
pushed down with ease, because tne air contained in the barrel 
will be forced out at the aperture. Suppose the piston to be 

Wbal is meant by the elastidty of air 1 How does air differ from steam, 
and some of the gases, in respect to its elasticity ? Does air lose its elastic 
hne hy beti» longcomp reiid 1 In what proportion to the force empic^Al 
is th» bulk i/air lessened 1 
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pushed down to within an inch of the bottom, and then the 
stop-cock closed, so that no air can enter below it. Now, on 
drawing the piston up to the top of the barrel, the inch of air 
will expand and fill the whole space, and were this space a 
thousand times as lar^e, it woulu still be filled with the ex* 
panded air, because me pistcm removes the pressure of the 
external atmosphere from that within the barrel. 

It follows, therefore, that the space which a given portion 
of air occupies, depends entirely on circumstances, flf it is 
under pressure, its bulk will be diminished in exact proportion ; 
and as the pressure is removed, it will expand in proportion, 
so as to occupy a thousand, or even a million times as much 
space as before^) 

Another prdperty which air possesses is weight, or gravity. 
This property, it is obvious, must be slight, when compared 
with the weight of other bodies. But that air has a certain 
degree of gravity, in common with other ponderous substan- 
ces, is proved by direct experiment. ^Thus, if the air be 
pumped out of a close vessel, and then the vessel be exactly 
weighed, it will be found to weigh more when tlie air is again 
admitted^ 

It is, nowever, the weight of the atmosphere which presses 

on every part of the eartlrs surface, and in which we live and 

move, as in an ocean, that here particularly claims our attention. 

Fig. 99. The pressure of the atmosphere may be easily 

shown by the tube and piston, fig. 99. 

Suppose there is an orifice to be opened or closed 
by the valve 5, as the piston a is moved up or down 
in its barrel. The valve being fastened by a hinge 
on one side, on pushing the piston down, it will 
open by the pressure ol the air against it, and the 
air will make its escape. But when the piston is 
at the bottom of the barrel, on attempting to raise 
it again, towards the top, the valve is closed by the 
Y^ force of the external air acting upon it. If, there- 
fore, the piston be drawn up in this state, it must be 
against the pressure of the atmosphere, the whole 
weight of wnich* to an extent equal to the diameter 




In what proportion will a quantity '^f air increase in bulk as the pressure 
ii removed froid iti How is this iUustnted bj fig. 98? On what etroum- 
iUtni^, therefofe, will the balk of a ^n portion of air depcml 1 How is it 
proved that air has weight 1 Explain in what manner the piessme of the 
vboospbero is shown by fig. 99. 
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of the piston mast be lifted, while' there will remain a tbiciiiiiii 
or voiu space below it in the tube. If the piston be only three 
inches in diameter, it will require the full strength of a man 
to draw it to the top of the barrel, and when raised, if sudden- 
ly let ffo, it will be forced back again by the weight of the 
air, and will strike the bottom <«irith great violence. 

Supposing the surface of a man to be equal to 14i square 
feet, and allowing the pressure on each square inch to be 151bs.. 
such a man would sustain a pressure on his whole surface 
equal to nearly 14 tons. 

Now, that it is the weight of the atmosphere which presse* 
the piston down, is proved by the fact,(lhat if its diameter be 
enlarged, a greater force, in exact proportion, will be required 
to raise it. ^ And further, if when the piston is drawn to the 
top of thd tube, a stop-oock, as at fig. 98, be opened, and 
tlie air admitted under it, the j^iston will not be forced 
down in the least, because then the air will press as much on 
the under, as on the upper side of the piston. 

By accurate experiments, an account of which it is not ne 
cessary here to detail, it is found that the weight of the at 
mosphere on every inch square of the surface of the earth 
is equal to fifleen pounds. If, then, a piston working air tight 
in a barrel, be drawn up from itb bottom, the force employed 
besides the friction, w^ be just equal to that required to liA 
the same piston, under ordinan*- circumstances, with a weight 
laid on it equal to fifteen pounds for every square inch of sur 
face. 

The number of square inches in the surface of a piston ol 
a foot in diameter, idl 1 13^ This bein^ multiplied by the 
weight of the air on ekch mch, which being 15 pounds, is 
equal to:\16d5 pounds) Thus the air constantly presses on 
every surface, which is equal to the dimensions of a circle one 
foot in diameter, with a weight of 1695 pounds. 

Air Pump. 

The air pump is an ennne by which the, air can be pump« 

ed out of a vessel, or withdrawn from it. ' The vessel so ex 

.« ■■ ■ . 

What ig the ibice prening on the piston when drawn upward, sometimes 
caUed 1 How is it proved that it is t&s weiffht of the atmosphere, instead at 
suction, which makes the piston rise with (ufficulty 1 What is the pressure <M 
the atmosphere on every square inch of sur&ce on the earth 7 What is 
the number of square inches in a circle of one foot in diameter 1 What is 
the weight of the atmosphere on a surftce of a foot in di^mi^ftr 1 
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kft«isied is called a receiveTf and the space thus leA in the yes- 
/lel, afler withdrawing the air, is called a vacuum. 

The principles on which the air l>ump is constructed are 
readily understood, and are the same in all instruments of tMs 
kind, though the form of the instrument itself is often con- 
liderably modified. 

The general principles of its construction will be compre- 
hended bjr an explanation of fig. IM. In this figure let ^ be 

a glass vessel, or receiver, closed at 
the top, and open at the bottom, 
standinff on a perfectly smooth sur- 
face, which is called the />Zate of the 
air pump. Through the plate is an 
aperture a, which communicates with 
the inside of the receiver, and the 
barrel of the pump. The piston rod 
d p works air tiffht through the stuffed 
collar c, and tne piston also moves 
air tight through tne barrel. At the 
extremity of the barrel there is a 
valve 0, which opens outwards, and 
is closed with a spring. 
Now suppose the piston to be drawn up to c, it. will then 
leave a free communication between the receiver ^, through 
the orifice a, to the pump barrel, in which the piston works. 
Then if the piston be forced down by its handle, it will com- 
press the air in the barrel between d and e, and in consequence 
the valve e will be opened, and the air so condensed will be 
forced out #n drawing the piston up again, the valve will be 
closed,' and the external air not being permitted to enter, a 
vacuum will be formed in the barrel, from e to a little above <2. 
When the piston comes again to c, the air contained in the 
glass vessel, together with that in the passage between the 
vessel and the pump barrel, will rush in to fill the vacuum. 
Thus, there will be less air in the whole space, and conse- 
quently in the receiver, than at first, because all that contain- 
ed in tne barrel is forced out at every stroke of the piston. 




What is the air pump? What is the receiver of an air pump 1 What is 
a vacuum 1 In fig. 100, which is the receiver of the air pumpl When tha 
pis^Q is pressed down, what quantity of air is thrown out 1 When the pis- 
ton k drawn up, what is Saranod in ttie bairell How is this vacuuxn afsJD 
fiDed with air 1 
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On repeat! n|; the BBmeprocessi that is, drawing up and forcing 
down the piston, the air at each time in the receiver, will be- 
come lew ami less in quantity, and, in consequence, more and 
more nrelied. For it must he underalood, tliat although tlie 
air is exhausted at every stroke of the pump, tliut which re- 
mains, byjts elasticity expands, and sbll occupies the whole 
space. The quantity forced out at each successive stroke is, 
therefore, diminished, until, at last, it no longer has nuflicient 
force before the piston to open the valve, when the exhausting 
power of the instrument must cease entirely. 

Now, it will be obvious, that as the exhausting power of the 
air pump depends on the expansion of the air within il,(^ per- 
fect vacuum can never be formed by ita means^for so long as 
exhaustion lakes place, there must be air to be forced out, and 
when this becomes so rare as not to force open the valves, 
then the process must end. 

A good air pump has two similar pumping barrels to that 
descnbed^o that t)ie process of exhaustion is performed in 
half the time that it could be performed by one barrel.) 

Fig. 101. The barrels, with their 

pistons, and the usnsi mode 
of working them, are re- 
presented By fig. lOLtJhe 
piston rods are furnished 
with racks, or teeth, and 
are worked by the tootjt^ 
wheel a, which is tnrned 
backwards and forwards, 
by the lever and handle h. 
The exhaustion pipe, c, 
leads to the plate on which 
the receiver Rtanda, as 
shown in fig. 100. The 
valves », n, «, and m, all 
open upwards.\ 

To understand how Uiese 

pistons act to exhaust the 

air from the vessel on the plate, through the pipe c, we will 

suppose, that as the two pistons now etand, the handle & is 

Is the UT pnmp capable oT prndudng > pprlrct Tacnnm 1 Whv do cum- 
nton ait puinpa have mora ihsn one barrel and putoni How an die piaton* 
«f an air puiDp worked 1 
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to be turned towards the left This will ndse the piston A. while 
the vaive u will be closed by the pressure of the external air 
actinff on it in the open barrel in which it works. There 
would then he a yacuum formed in this barrel, did not the 
valve m open and let in the air coming from the receiver 
through' the pipe c. When the piston, therefore, is at the up- 
per end of tne barrel, the space between the piston and the 
valve nij will be filled with the air from the receiver. Next 
suppose the handle to be moved to the right, the piston A 
will dien descend, and eompress the air with which the barrel 
is filled, which, acting against the valve u, forces it open, and 
thus the air escapes. Thus it is plain, that every time the 
piston rises, a portion of air, however rarefied, enters the bar- 
rel, and every time that it descends, this portion escapes, and 
mixes with the external atmospliere. 

The action of the other piston is exactly similar to this, 
only tiiat B rises while A falls, and so the contrary. It will 
appear, on an inspection of the figure, that the air cannot pass 
from one barrel to the other, for while A is rising, and the 
valve m is open, the piston B will be descending, so that the 
force of the air in the barrel B, will keep the valve n closed. 
Many interesting and curious experiments, illustrating the 
expansibility and pressure of the atmosphere, are shown by 
tins instrument 

If a withered apple be placed under the receiver, and the 
air is exhausted, the apple will swell and become plump, Un 
consequence q£ the expansion of the air which it contams 
within the skinVN 

Ether placed m the same situation, soon begins to boil with- 
out the influence of heat,A)ecause its particles, not having the 
pressure of the atmosphere* to force them togetlier, fly oflwith 
so much rapidity as to produce ebullitionA 

TTie Condenser, 

The operation oiihejcondenseT is the reverse of that of the 
air pump, and is a much more simple machine. . The air pump, 



While the piston A is ascending, which valves will be open, and which 
closed ? When the piston A descends, what becomes of the air with which 
its barrel was filled 1 Why does not the air pass from one barrel to the other, 
through the valves m and nl Why does an apple placed in the exhausted 
receiver grow plump? Why does ether boil in the same situation 1 How 
does the condenser operate 1 

11 
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■I we hKte hut teea, will deprive a vessel of its ordinaiy 

qouiti^ of air. The condenser, on the contrary, will double, 

Fig. m or treble the ordinair quantity of air in a close 

TMcel, according to the force employed. 

Thia instnunent, fig. 103, coneista x>f a pump 

barrel and piatoa a, a alop-coek h, and the resgel 

e fiimithed with a valve opening inwards. The 

orifice d is to admit the air, when the piston is 

i drawn up to the top of the barrel. 

To describe its action, let the piston be above 
i, the orifice being open, and therefore the instru- 
ment filled with air, of the same denuty «s the 
external atmosphere. Then, on forcing thdpiston 
down, the air m the pump barrel, below the ori- 
fice d, will be compressed, and will rush throueh 
the stop-cock b, into the vessel c, where it will be 
retained, because, on arun moving the piston up- 
, ward, the elasticity of Uie air will close the valve 
through which it was forced. On draning the 
piston up again, another portion of air will r^i in 
M the orifice d, and on forcing it down, this will also be dri- 
ven into the vessel c ; and this procesii may be continued as 
long as sufficient force is applied to more the piston, or there 
is sufficient strength in the veaael to retain the air. ^Vhen the 
condensation is finished, the stop-cock b may be turned, to 
render the confinement of the air more securc.j 

The magajDjiea of air guns are tilled in (he manner above 
described. (Hie air gun ta shaped like other guns, but instead 
of the force of powder, that of air is employed to prnjecl the 
bullet. For this purpose, a strong hollow ball of copper, with, 
a valve on the inside, is screwed to a condenser, and the air 
is condensed in it, thirty or forty dmes. This ball or maga- 
zine is (hen taken from the condenser, and screwed to uie 
^un, under the lock. By means of the lock, a communicaticMi 
IB opened between the magazine and the inside of the gun- 
barrel, on which the spring of the conllned air against the 
leaden ballet is auch, as to £raw it with nearly the same force 
u gun-powder.'j 
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^ 103. Barometer. 

Suppose 0, ^g. 103, to be a lon^ tube with the 
^ piston b^ so nicely fitted to its tnside, as to work 
air tight If the lower end of the tube be dip- 
ped into water, and the piston drawn up by pid- 
ling at the handle c, tlie water will follow the 
piston so closely as to be in contact with its sur- 
face, and apparently to be drawn up by the pis- 
H ton, as though the whole was one solid body. 
If the tube be thirty-five feet long, the water 
will continue to follow the piston, until it comet 
to the height of (about thirty-three feet^; where it 
will stop, and if me piston be drawn up still &r- 
ther the water will not follow it, but will remain 
stationary, the space from this height, between 
the piston and the water, being left a void space, 
or vacuum. 

The rising of the water in the above case, 
which Qply involves the principle of the common 
pump^^thought by som^o be caused by suction^ 
the piston^ ucking' up tlWwater as it is drawn 
upward. fBut according to the common notion 
attached to this term, there is no reason why the 
water should not continue to rise above the thirty-three feet, or 
why the power of suction should cease at that point, rather 
than at any other. Without entering into any discussion on 
^e absurd notions concerning the power of suction, it is suffix 
cient-here to state, that it has long since been proved, that the 
elevation of the water in the case above described, depends 
entirely on the weight and pressure of the atmosphere, on that 
portion of the fluid which is on the outside of the tube. Hence, 
when the piston is drawn up, under circumstances^where the 
air cannot act on the water around the tube, or pump barrel, 
no elevation of the fluid will follow. This will be obviou% 
by the following experiment. 

Suppose the tube, fig. 103, to rtand with its lower end in the water, and th* 
piston a to be drawn upward thiity five feet, how far will the water follow the 
piston 1 What ^?ill remain in the tube between the piston and the water, 
after tiie piston rises higher than thirty-three feet 1 W hat is commonlj sup- 
posed to iiiake the water zise in such cases? Is there any reason why tJEe 
suction should cease at 33 feetl What is the true cause of the elevatieii cf 
the water, when the pirton, % 103, is drawn upl 
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SupnoH fig. 104, to be the sectiong, or halres of 
tiro tubea, one within the other, the outer one be- 
ing made entirely clo»e, bo aa to admit no &ir, and 
the space between the two being also made air-tizht 
at the top. 8up]>OBe, also, that the inner tube be- 
ing leA open al the lower end, does not reach the 
bottom of Iho outer tube, and tlius that an open apace 
\ be left between tlie two lubes every where, except 

at their upper ends, where they are fastened toge> 
ther : and suppose that there is a va]?c in the pislon, 
opening upwards, so as to let the air which it con- 
tains, escape, but which will close on drawing th« 
piston upwurdu. Now let the pislon be at a, and 
m tliis slate pour water through the stop cock, c, 
until the inner lube is filled up by (he piston, and the 
I apace between the two tubes filled up to the same 
point, and then let the stopcock be closed. If now 
tlie piston be drawn up to the top of the lube, the 
water will not follow it, as in the case first describ- 
ed ; it will only rise a few i/ichea, in consequence 
of the elasticity of the air above the water, between 
the tubes, and in the space aboVe the water, there 
will be formed a vacuum between the water and 
' the piston, in ihe inner tube.\ 

The reason why the resint of this experiment 
differs from that before described, is, that the outer lube pre- 
renle the pressure of the atmosphere from forcing the water np 
the inner tube as the piston rises. This may be instantly proved, 
by opening the stop-cock c, and permitting the air to press up- 
on the water, when it will be found, that as the air rushes In, 
the water will rise and fill the vacuum, up to the piston. 

For the same reason, if a common pump be placed in a 
cistern of water, and the water is frozen over on the surface, 
•o that no air can press upon the fluid, the pislon of the pump 
might be worked in vain, for the water would not, as usual, 
obey ita motion. 

_ It follows, aa a certain conclusion from such experimentSt 
uiat when the lower end of a tube is placed in water, and 
die air from wiUiin is removed by drawing up the piston, that 

Bow'uitdwwnl^fig. 104, that it i> tfaepresaureof the atmoapheie which 
»"•«• the witei to KM ui the pump burd 1 Suppa« the ice pnrents th* 
~''~~~ '' ' - "la watarin I rtnel, am the water be pdmp' 
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If 18 the pressure of the atmosphere, on the water around Am 
tube, which forces the fluid up to fill the space, thus left by tte 
air.; It is also proved, that the weight, or pressure of the atino^ 
phere, is equal to- the weight of a perpendicular column of water 
d3 feet hign, for it is found (fig. 103,) that the pressure of the 
atmosphere will not raise the water more than 33 feet, though 
a perfect vacuum be formed to any height above this point 
Experiments on other fluids, prove that this is the wdig{|Li of 
the atmosphere, for if the end of a tube be dipped in any flmdf 
and the air be removed from the tube, above the fluid, it will 
rise to a greater pr less height, than water, in proportion aa 
its specific gravity is less or greater than that of water^ 

Mercury, or quicksilver, has a specific gravity of about 131 
times greater than that of water, and mercury is found to rise 
about@9 inches ^in a tube under the same circumstances Uiat 
water rises 33 feet. Now 33 feet is 396 inches^ which, being 
divided by 29, gives nearly 13*, so that mercury being 1% 
times heavier than water, the water will rise under the'sam* 
pressure 13i times higher than the mercury. 

Barometer. 
Thebaromeier 18 constructed ^nthe principle of atmospheiie 
Fig. 105. pressure) which we have thus endeavoured to 
explain and illustrate to common comprehei»- 
sion. This term is compounded of two Greek 
words, barosyweight, and metron, measure, the 
instrument being designed to measure ibe 
weight of the atmosphere.) 

Its construction is simple, and easily under* 
^ stood, being merely a tuoe of glass nearly fil^ 
ed with mercury, with its lower end placed ia 
a dish of the same fluid, and the upper end 
furnished with a scale, to measure the height 
ofibe mercury. 

^et 0, fig. 105, be such a tube, 34 or 35 
inches long, closed at one end and open at tht 
other. To fill the tube, set it upright, and 
pour the mercury in at the open end, and 

What conduMon Mows from the experimento above deaciibed 1 How is 
It inoveJ, that the preasure of the atmoaph^re b etfual to the wekht of a 
Mumn of water, 33 feet highl How do exDeamenta on othar fluida ahow 
tfiat the praasore of the atmoapheie ia equal to the weight of a column of 
water 33 feet hkh 1 How Wh doea mercury rise in an azhanated tn\m% 
Whatisthe piuicip2eonwbichthebai0meteriaoonstnKt0d1 WhaXdom 
tfie baiometer meaaiBiel 
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when it is entirely full, place the fore finger forcibly on thi* 
end, and then plunge tlie tube and finger under the surface 
of Uie mercury, before prepared in the cup b. Then with- 
draw the finger, taking care that in doing this, the end of the 
tobe is not raised above the mercury in the cup. When the 
finger is removed, the mercuiy will descend four or five inch- 
es, and after several vibrations, up and down, will rest at an 
elevation of 29 or 30 inches above the surface of that in the 
cup, as at cj) Having fixed a scale to the upper part of the 
tube to indicate the rise and fall of the mercury, Vie barome- 
ter would be finished, if intended to remain stationary. It is 
usual, however, to have the tube inclosed in a mahogany oi 
brass case, to prevent its breaking, and tu have the cup closed 
on the top, and fastened to the tube, so that it can be trans 
ported without danger of spilling the mercury. 

The cup of the portable barometer also differs from that 
described, for were the mercury inclosed on all sides, in a 
cop 6S wood, or brass, the air would be prevented froih acting 
upon it, and therefore the instrument would be useless. To 
remedy this defect, and still have the mercury perfectly in- 
closed, the bottom of the cup is made of leather, which, be- 
ing elastic, the pressirre of the atmosphere acts upon the mer- 
cury in the same manner as though it was not inclosed at all^^ 
Below the leather bottom there is a round plate of metal an 
inch in diameter, which is fixed on the top of a screw, so 
that when the instrument is to be transported, by elevating 
this piece of metal, the mercury is thrown up to the top oi 
the tube and thus kept from playing baQkwards and forwards^ 
when the barometer is in motion. 

A person not acquainted with the principle of the instru- 
ment, on seeing the tube turned bottom upwards, will be per- 
plexed to understand why the mercury does not follow the 
common law of gravity, and descend into the cup ; were the 
tube of g!«u99 33 feet high, and filled with water, the lower end 
being dipped into a tumbler of the same fluid, the wonder 
would be still greater. But as philosophical facts, one is no 
more wonderfiu than the other, and botn are readily explained 
by the principles above illustrated. 

Describe the oonitTuction of the barometer, as represented by fig. 10& 
How is tbe cup of the portable barometer made, so as to retain the merctnry, 
and still allow the ur to press upon it ? What is the use of the metaJUie 
(late and screw, under ^ bottom ofthecupl Explain the reason why the meiw 
9»j does not ftUootof the bannneCer tube, wimi its open end is downwaidft 
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It has already been shown, that (it is the pressure of the 
atmosphere on the fluid around the tube, by which the fluid 
within it is forced upward, when the pump is exhausted oi 
its air.} The pressure of the air we have also seen, is equal 
to a column of water 33 feet high, or of a column of mercnry 
29 inches high. Suppose, then, a tube 33 feet high is filled 
with water, the air would then be entirely excluded, and were 
one of its ends closed, and the other end dipped in water, the 
efiect would be the same as though both ends were closed, 
for the water would not escape, unless the air were permitted 
to rush in and fill up its place. The upper end being closed, 
the air could gain no access in that direction, and the open 
end being under water, is equally secure. The quantity of 
water in which the end of the tube is placed, is not essential, 
since the pressure of a column of water an inch in diameter, 
provided it be 33 feet high, is just equal to a column of air of 
an inch in diameter, of the whole height of the atmosphere. 
Hence the water on the outside of the tube serves merely to 
guard against the entrance of the external air. 

The same happens to the barometer tube, when filled with 
mercury. The mercury, in the first place, fills the tube per- 
fectly, and therefore entirely excludes the air, so that when it 
is inverted in the cup, all the space above 29 inches .(s left a 
vacuum) The same effect precisely would be produced, were 
the tube exhausted of its air, and the open ena placed in the 
cup ; the mercury would run up the tube 29 inches, and then 
stop, all above that point being left a vacuum. 

The mercury, therefore, is prevented from falling out of the 
tube, by the pressure of the atmosphere on that which remains 
in the cup ; for if this be removed, the air will enter, while 
the mercury will instantly begin to descend. 

In the barometer described, the rise and fall of the mercury 
is indicated {by a scale of inches and tenths of inches, fixed 
behind the Ujibe y but it has been found, that very slight van* 
ations in the density of the atmosphere, are not readily per- 
ceived by this method. It being, however, desirable that 
these minute changes should be rendered more obvious, a con- 
trivance for increasing the scale, called the wheel barometer 
was invented. 



Wha^. /ilk the space above 29 inches, in the barometer tube ? In the ooboh 
monbar >meter how is the rise and Mof the mercmy i n di c ated % Why wmt 
Uw whwl baiometef invented % 
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Wig. 106 The whole length of the tuhe of the wheel ba • 

rometer, fig. 106, from c to a, is 34 or 35 inches, 
and it is filled with mercury, as usual. The mer- 
cury rises in the short leg to the point o, where 
there is a small piece of glass floating on its sur* 
face, to which there is attached a silk string, 
passing over the pulley p. To the axis of the 
pulley is fixed an index, or hand, and behind 
this is a graduated circle, as seen in the figure. 

BR 7ir^^ ^^ '® obvious, that a very slight variation in the 
U M B height of the mercury at o, will be indicated by 
a considerable motion of the index, and thus 
changes in the weight of the atmosphere hardly 
perceptible by the common barometer, will be- 
come quite apparent by this. 

The mercury in the barometer tube being sus- 
tained by the pressure of the atmosphere, and 
its medium altitude at the surface of the earth 
being(about 29 inches, "^it might be expected that 
if the instrument was carried to a height from 
the eartli's surface, the mercury would suffer a proportionate 
fall, because the pressure must be less, at a distance from the 
earth than at its surface, and experiment proves this to be 
the case. When, therefore, this instrument is elevated to any 
considerable height, the descent of the mercury becomes per 
ceptible. Even when it is carried to the top of"^ a hill, or high 
tower, there is a sensible depression of the fluid, so that the 
barometer is employed to measure the heights of mountains^ 
and the elevation to which balloons ascend from the sur&ce 
of the earth. On the top of Mont Blanc, which is about 
16000 feet above the level of the sea, the i;nedium elevation of 
the mercury in the tube is only 14 inches,' while on the sur- 
face of the earth, as above stated, it is 29 inches. 

The medium range of the barometer in several countries, 
has generally been stated to be about 29 inches. It appears, 
however, from observations made at Cambridge, in Massachu- 
setts, for the term of 22 years, that its range Uiere was nearly 
30 inches. . 

£ ■ ■ 

Explain fig. 106, and describe the oonfitruction of the wheel barooieter. 
What 18 stiSed to be the medfwm range of the barometer at the Burfaoe ol^ 
rhe earth 1 Suppose the instnnnent is elevated from the earth, what is the^ 
tflect on the mercury 1 How does the barometer indicate the hdghts of 
moimiainsi What is the mecUmn range of the mercury on Mont Btuao 1 
What imitated to be the medicau range of the baamneter at Camhridgel 
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While the barometer stands in the same place, near the leve^ 
of the sea, the mercury seldom or never falls below 28 inches, 
or rises above 31 inches, its whole range, while stationary, 
being only^about 3 inches/ 

These changes in the weight of the atmosphere, indicate 
corresponding changes in the weather, for it is found, by watch- 
ing thesg. variations in the heiffht of the tpercury, that when 
it fallsjfcioudy or falling weather ensues/ and that when it 
rises (fine clear weather^ may be expected'. During the time 
when the weather is damp and lowering, and the smoke of 
chimnies descends towards the ground, the mercury remains 
depressed, indicating that the weight of the atmosphere^during 
such weather ^s less than it is when the sky is clear? This 
contradicts the common opinion, that the air is the heaviest 
when it contains the greatest quantity of foff and smoke, and 
that it is the uncommon weight of the atmosphere which press- 
es these vapours towards the ground. A little consideration 
will show, that in this case the popular belief is eiToneous, for 
not only the barometer, but all the experiments we have de- 
tailed on the subject of specific gravity, tend to show thafthe 
lighter anyflmd is, the deeper any substance of a given wefc|fht 
will sink in it^ Common observation ought, therefore, to cor- 
rect the errofC for every body knows that a heavy body will 
sink in water wliile a light one will swim, and by the same 
kind of reasoning ought to consider, that the particles of va- 
por would descend through a light atmosphere, while they 
would be pressed up into the higher regions, by a heavier air. 
The principal use of the barometer is on board of ships, 
where'it is employed to indicate the approach of storms, and 
thus to give an opportunity of preparing accordingly ; and it 
is found that the mercury suffers a most remarkable depression 
(before the approach ot violent winds, or hurricanes. The 
watchful captain, particularly in southern latitudes, is always 
attentive to this monitor, and when he observes the mercury to 
sink suddenly, takes his measures without delay to meet the 
tempest. During a violent storm, we have seen the wheel 
barometer sink a hundred de grees in a few hours. But we 

How many inches does a fixed barometer vary in height 1 When the 
mercury falls, what kind of weather is indicated 1 When the mercury rises, 
what kind of weather may be expected 1 When fog and smoke descend 
towards the ground, is it a sign of a light or heavy atmosphere 7 By what^ 
analogy is it shown that the air is lightest when filled with vapour 1 Of 
what use is the barometer, on board ^ ships t When does the mercury 
solfinr the most xemarkidBte depRssioal 
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cannot illus^/nte the iise of this lustniment at sea better than 
to give the foUowing extract from Dr. Arnot, who was himself 
present at the time. '*vjt was," he says, ** in a southern lati- 
tude. The sun had just set uith a placid appearance, closing 
a beautiful afternoon, and the usual mirth of tne evening watcn 
proceeded, when the captain*s orders came to prepare with 
all haste for a storm. The barometer had begun to fall with 
appalling rapidity. As yet, the oldest sailors had not per^ 
ceiTed even a threatening in the sky, and were surprised at 
tlie extent, and hurry of the preparations ; but the required 
measitres were not completed, wnen a more awful hurricane 
burst upon them, tlian the most experienced had ever braved. 
Nothing could withstand it ; the sails already furled, and close- 
ly bound to the yards, were riven into tatters ; even the bare 
yards and masts* were in a ffreat measure disabled ; and at 
one time the whole rigging nad nearly fallen by the board. 
Such, for a few hours, was the mingled roar of tne hurricane 
above, of the waves around, and the incessant peals of thun-* 
der, that no human voice could be heard, and amidst the gen- 
eral consternation, even the trumpet sounded in vain. On 
that awful night, but for a little tube of mercury, which had 

S'ven the warning, neither the strength of the noble ship, nor 
e skill and energies of her commander, could have saved 
one man to tell the tale." 

Pumps, 

There is a philosophical experiment, of which no one in 
this country is ignorant. If one end of a straw be introduced 
into a barrel of cider, and the other end sucked with the 
mouth, the cider will rise up through the straw, and may be 
swallowed.' 

The principles which this experiment involve, are exactly 
the same as those concerned in raising water by the pump 
The barrel of cider answers to the well, the straw to the pump 
log, and the mouth acts as the piston, by which the air is re 
moved. 

The efficacy of the common pump, in raising water, de 
pends upon the principle of atmospheric pressure, which 
has been fully illustrated under the articles air pump and bcb- 
rometer, ^ 

What remarkable instance is stated, where a ship seemed to be saved by 
the use of the baiomeior 1 What experiment is stated, as illostrating tfa# 
lainciple of theoommon pump 1 
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Fig. 107. 
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These maehlnes are of three kindsi naineh%(the suckinf^ 
•itf common pump, the lifting pump, and ihe forcing pump. 

Of these, the common or household 
C pump is the most in use, and for ordinary 
purpioses, the most convenient ( It consists 
of a lon^tube, or ban*el, called the pump 
log, which reaches from a few feet above 
the ground to near the bottom of the well. 
At a, fig. 107, is a valve, opening upwards, 
called the pump box. When the pump is 
not in action, this is always shut. The 
piston 6, has an aperture through it, which 
IS closed by a valve, also opening upwardijl 
By the pupil who has learned what has 
been explained under the articles air 
pump, and barometer, the action of this 
^nine will be readily understood, 
ippose the piston h to be down to a, 
in on depressing the lever c, a vacuum 
would be formed oetween a and by did 
not the water in the well rise, in consequence of the pressure 
of the atmosphere on that around the pump log in the well, 
and take the place of jd^e air thus removed^ Then on raising 
the end of the lever,(uie valve a closes, because the water is 
forced upon it, in consequence of the descent of the piston, 
and at the same time the valve in the piston h opens, and the 
water, which cannot descend, now passes above the valve 5.) 
Next, on raising the piston, by again depressing the lever, this 
portion of water is lifted up to b, or a little above it, while atv 
other portion rushes through the valve a to fill its place. 
Ailer a few strokes of the lever, the space from the piston b 
to the spout is filled with the water, where, on continuing to 
work the lever, it is discharged in a constant stream. 

Although, in common language, this is called the suction 
pump, still it will be observed, that the water is elevated by 
mtctionj or in more philosophical terms, by atmospheric pres- 
Aur^'only above the valve a, after which it is raised by lifting 

On what does the Bcdon of the common pump depend 1 How many kinds 
^pumps are mentioned ? Which lund is the common 1 Describe the cont- 
■Mm pump. Explain how Ae common pump acts. When the lever is de- 
{HCBBed, what takes place in Uie pump barrel 1 When the lever is elevated, 
whit takes place 1 How fiir is tib^ water raised by atmospheric pressure, 
•ndhowfitf byliftingl 



Bp to the ■ponC^ The water, therefore, is pressed Into tti« 

pinup barrel by~the atmosphere, and thrown out by lining. 
The lifting pump, properly so called, iias the piston in I'he 

lowerena of uie barrel, and raises the water through the whole 

distance, by forcing it upward without the agency of the a' - 

mosphere^ 

In the suction pump, the pressure of the atmosphere will 

raise the water 33 or 34 feet, and no more, after which it may 

be lifted to any height required. 
The forcing pump differs from both these^h having its raa- 

ton solid, or without a valfe, and also in haVing a side pipe, 

through which the water is forced, instead of rising in a per- 

pendicuUr direction, as in the others.) 

^- '"^ Theforcingpumpisrepresent- 

ed by fig. lOs, where^ is a solid 
piston, working air-irg;ht in its 
barrel. Tbe tube c leads fmm 
the barrel of the air vessel d. 
Through the pipe p the water is 
thrown inlo the open air. ^ is a 
guage, by which the pressure of 
flie water in the air vessel is as- 
certained. Through the pipe i, 
the ^vatcr ascends into the barrel, 
' its upper end being furnished 

\t with a valve opening upwards. 
^ To explain the action of this 
^^ pump, suppose the piston to be 
down to the bottom cif the barrel, 
and then to be raised upward by 
the leverZ; the tendency to form 
a vacuum in the barrel will brin^ 
the wnter up througb Ihe pipe i, 
bv the pressure of the atmos- 
phere. Then on depresaing the 
piston, the valve at the bottom of the barrel will be closed, and 
the water, not finding admittance through the pipe whence it 
came, will be forced through the pipe c, and opening tbe valve 

How dopa the liflina pump uliller from tlie ronunon pump 1 How doei 
IhoGiTcingpaiUptlil^lroni'lieCHun'a'ipumpI Eijdun^. 106, andshow 
n viha: luuuiei the w&ter ia brought up through tbe pipe t, and afterwsrda 
ArowD out at tt« pipe p- 



■t lis upper end, wiU enter into the air veisel i^ and be ilis- 
duu;eed through the pipe », into the open air. 

The water ia therefore elevated to the piaton barrel by the 
preasure of the atiuoaphere, and afterwards thrown out by the 
ibrce of the piston. It is obvious that by this arrangement, 
ihe height to which this fluid may be thrown, will depend on 
d)e power applied to the lever, and the strength with which 
thepump ia made. 

Tne air vessel d contains air in its upper part only, th 
Igiver part, as we have abeady seen, being filled with water. 
I'The pipe p, called the discharging pi^e, passes down into the 
water so that the air cannot escape7\The air is ^therefore 
compressed, as the water is forced inM the lower part of tlie 
vessel, and re-acting upon the fluid by its elasticity, throws it 
out of the pipe in a continued stream. The constant stream 
which is emitted from the direction pipe of the fire engine ia 
entirely owing to the compression and elasticity of the air in 
its air vessel. In pumps witho''t such a vessel, as the water is 
forced upwards, only while th Mston is acting upon it, there 
must be an interruption of the stream while the piston is as- 
cending, as in the common pump. The air vessel is a reme- 
dy for this defect, and is found also to render the labour of 
drawing the water more easy^because the force with which 
ihe air m the vessel acts on the water, is always in addition to 
that given by the force of the pistoiy 

Th^re engine is a modifica- 
tion of^ the forcing pump. It 
consists of two such pumps, the 
pistons of which are moved by 
a lever with equal arms, the com- 
mon fulcrum being at c, fig. 109. 
While the piston a is descend- 
ing, the other piston h, is ascend- 
ing. The water is forced by 
- Ihe pressure of the atmosphere, 

" through the common pipe p, and 

then dividing, ascends into the 
working barrels of each piftton, 
where the valves, on both sides, 
prevent its return. Bythealter- 
jiate depression of the pistons, 
it ia the n forced into the air box 
Why doCT not the Bir ««cape from the air Tomel in this pamp T 
12 
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it and dim hy the dtre^tioii pipe e, is thrown where it is want- 
ad. Tim «*achine acts precisely like the forcing pump, only 
fhat to power is doubled hy having two pistons instead of one.*^ 
F%. 110. f There is a beautiful fountain, called 

the fountain of Hiero, which acts by 
the elasticity of the air, and on the 
saihe principle as that already descri- 
bed. Its construction will h% under- 
stood by fig. 110, but its form may be 
varied accordinff^to the dictates of 
fancy or taste. flThe boxes a and ft, 
together with th^ two tubes, are made 
air tight, and strong, in proportion to 
the height it is desired the fountain 
should play. 

To prepare the fountain for action, 
fill the box a, through the spouting 
tube, nearly full of water. The tube c, 
reaching nearly to the top of the box, 
will prevent tne watei* from passing 
downwards, while the spouting pipe 
will prevent the air from escaping up- 
wards, after the vessel is about half 
filled witli water. Next shut the stop cock, of the spouting 
pipe, and pour water into the open vessel d. This will des- 
cend into tne vessel 6, through the tube e, which nearly reaches 
its bottom, so that afler a few inches of water are poured in, 
no air can escape except by the tube c, up into the vessel a. 
The air will then be compressed by the weight of the column 
of water in the tube e, and therefora the force of the watei 
from the jet pipe will 'be in proportion to the height of this ' 
tube.^ If this tube is ^ or 30 feet high, on turning the stc p cock, 
a jet^f water will spout from the pipe that will amuse and as- 
tonish those who have never before seen such .an experiment. 
[F&r other properties of air, see Chemistry.] 

ACOUSTICS. 

Adbu^cs^ that branch of natural philosoph;^ which treats 
of the origin, propagation, andieffects of sound. • 

"Wliat efiectdoea the air vessel have on the stream discharged 1 Why does 
Ills ut vessd lender the labour of raising the water more easy 1 Explam fig. 
140, and deocrihe the action of the fire engine. What causes the continue 
«ii««mfiKnit2iediiectioaiiqp6 of this engine 1 HowisthalbuntainitfHi&o 
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When a sonorous, or sounding body is stmck,fi^ is throwtt 
into a tremulous, or yibratlng motion.. This mo^n is com- 
municated to the air which surrounds us, and by the air is con- 
veyed to Our Mr drums, which also undergo a vibratory mo- 
tion, ana i/it« la|t .notion, dir owing the auditory nerves into 
action, we iheituy gain the sensation of sound! 

If any sounding body of considerable size, is suspended in 
the air and struck, this tremulous motion is distinctly visible 
to the eye, and while the eye perceives its motion, the ear per^ 
ceives the sound. 

That sound is conveyed to the ear by the motion, which the 
sounding body communicates to the air, is proved ^y an inters 
esting experiment with the air pump^ Among philosophical 
instruments, there is a small bell, the hammer of which is 
moved by a spring connected with clock-work, and which it 
made expressly for this experiment. 

If this instrument be wound up, and placed under the re- 
ceiver of an air pump, the sound of the Dell may at first be 
heard to a considerable distance, but as the air is exhausted, 
it becomes less and less audible, until no longer to be heard, 
the strokes of the hammer, though seen by the eye, producing 
no effect upon the ear. Upon allowing the air to return gra£ 
ually, a faint sound is at first heard, which becomes louder 
and louder, until as much air is admittt'd, as was withdravniX 

On the contrary, when the air is more dense than ordinarvi 

or when a greater quantity is contained in a vessel, than in 

tiie same space in the open air, the efiect of sound on the ear 

/is increased? This is illustrated by the use of the diving bell. 

The diving bell is a large vessel, open at the bottom, under 
which men descend to the beds of nvers, for the purpose oi 
obtaining articles from the wrecks of vessels. tVhen Mm ^ 
machine is sunk to any considerable depth, the water above, 
by its pressure,, condenses the air under it with great force. 
In this situati<m, a whisper is as loud as a common voice in 
the open air, and an ordinary voice becomes painfiil to t|]e ear. 

Again, on the tops of high mountains, where the prenpre, 
or density of the air is much less than on the surface of the. 
earth,(the report of a pistol is heard only a few rods, and the 

On whet will the hdght of the jet from Hjeio's fountain depency ^^Vlai 
18 acoustics 1 Whena sonorous body is struck wHhin bearing, in wfiat mmm-' 
net do we gain from it the sensation of sound 1 How is it proved, that^Huad 
is conTeyedto the ear by the medium of the air 1 When the VBMm 
dense mn oidinary, how does it afiect aoonill 
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human voice is so weak as to be inaudible at ordinary dis 
tances^ 

Thus, the atmosphere which surrounds us, is the medium 
by which sounds are conveyed to our ears, and to its vibra- 
tions we are indebted for the sense of hearing, as well as to 
all we enjoy from the charms of music. 

The atmosphere, though the most common, is not, however, 
the only, or the best conductor of sound, ^olidbodies conduct 
sound better than elastic fluids. Hence, if a person lay his 
ear on a long stick of timber, the scratch of a pin may be heard 
from the other end, which could not be perceived through 
the air. 

(The earth conducts loud rumbling sounds made below its 
fiurTace to great distances. Thus, it is said, that in countries 
where volcanoes exist, the rumbling noise which generally 
precedes an eruption, is heard firs't by the beasts of the field, 
because their ears are commonly near the ground, and thai 
hy their agitation and alarm, they give warning of its ap- 
proach to the inhabitant^ 

The Indians of our country will discover the approach of 
korses or men, by laying their ears on the ground, when thev 
lire at such distances as not to be heard in any other manneO 

Sound is propagated through the air at the rate oiCi 142 feet 
In a second of time.'. When compared with the velocity of 
li^ht, it therefore moves but slowfy. Any one may be con- 
rinced of this bv watching the discharge of cannon at a dis- 
tance. The flash is seen apparently at the instant the gunner 
touches fire to the powder ; the whizzing of the ball, if the 
ear is in its direction, is next heard, and lastly, the report. 

Solid substances convey sounds with greater velocity than 
lir, as is proved by the following experiment, lately made at 
Paris, byM. Biot. 

At the extremity of a cylindrical tube, upwards of 3000 
feet long, a ring of metal was placed, of the same diameter 
as the aperture of the tube ; and in the centre of this ring, in 
the mouth of the tube, was suspended a clock bell and ham- 
mer. The hammer was made tc strike the ring and the bell 

at the same instant, so that the sound of the nng would be 

— I III I .i i I .11111 I ■ 

What is said of the effecta of sound on the tops of high mountainsl Which 
are the best conductors of sound, solid or elastic substances 1 What is said 
of the earth as a conductor of sounds 1 How is it said that the Indians 
disooi¥er the approach of hovses 1 How fast does sound pass through the air t 
Whidi oaanj sonnds with the greatest velocity, solid substances, or air 1 
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traaBQiiUed to liie remote end of tlie tabe, tlirongh the cob- 
dnctiiiff power of the tube itself,* while the sound of Ae bell 
would be transmitted through the medium of the air inclosed 
in the tube. The ear being then placed at the remote end of 
the tube, the soimd of the ring, transmitted by tlie metal of 
the tube, was first heard distinctly, and after a short interval 
had elapsed, the sound of the bell, transmitted by the air in 
the tube, was heard. The result of several experiments was, 
that the metal conducted the sound at the rate of about 11,866 
feet per second, which is about ten and a half times the velo- 
city with which it is conducted by the air. 

Sound moves forward (in straight lines,^and in this respeet 
follows the same laws as motihg bodies, and liffht It also 
follows the same laws in being reflected, or thrown back, 
when it strikes a solid, or reflecting surface. 

If the surface b^mooth, and of considerable dimensions^the 
sound will be reflected, and an echo will be heard ; but if the sumce 
is very irregular, soil, or small, no such eflfect will be produced. 
In order to hear the echo, the ear must be placed in a cer- 
tain direction, in respect to the point where tne sound is pro- 
duced, and the reflecting surface. 

^f a sound be produced at a, fig. Ill, and 
strike, the plane surfiice &, it will be reflected 
back in the san^e line, and the echo will be 
heard nt c or aJ That is, the angle under 
which it approaches the reflecting surface, 
and ^at under which it leaves it, wiQ be 
equal. 

Whether tlje sound strikes the reflecting 
surface at right angles, or obliquely, the an- 
gle of approach, and the angle of reflection, 
will idways be Uie same, and equal. 

lliis is^illofl^ted by 
Fig. 112. fig. 112, where/suppose a 

pmto) to be nrea at «, 

^ g while the reflecting (Nkt- 

% fikceisatc; thentheedio 

will be heard at &, the an- 
g^ 2 and 1 being equal 
to each othet) 

Dacribe the experiment pvovfaig that eouml 1$ conducted 1^ a metal wMi 
meter velodty than liy the tor. In wliat fines doeeeonnd move t IVomirilil 
llndofiur&oettsoa]idieflecled,K>aetoiiiQdiioeaneebo1 £nlanite*lli. 
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If a sound be emitted between two reflecting 8ur&ceB» 
parallel to each other, it will reTerberate, or be anewered 
tNtckwards and forwards several times. 

Fig. 113. Thus, if the sound be made at a, fig. 113, 

it will not only rebound back again to a, but 
will also be reiSected from the points c and 
d, and were such reflecting surfaces placed 
at every point around a circle from a, the 
sound would be thrown back from them all, 
at the same instant, and would meet again 
at the point a. 

We shall see under the article Optics, 
that light observes exactly the same . law in 
respect to its reflection from olane surfaces, and that the anffle 
at which it strikes is called(uie angle of incidence^ and that 
under which it leaves the reflecting surface is called , the angle 
tf refiectiov^ The same terms are employed in respect to 
sound. 

In a circle, as mentioned above, sound is reflected from 
every plane surface placed around it, and hence if the sound 
is emitted from the centre of a circle, this centre will be the 
point at which the echo will be most distinct. 

(Suppose the ear to be placed at 
the point <z, fig. 114, in the centre 
of a circle ; and let a sound be 
produced at the same point, then it 
will move along the line a e, and 
be reflected from the plane sur- 
b face, back on the same line to a ; 
and this will take place from all 
the plane surfaces placed around the 
circumference of a circle ; and as 
all these surfaces are at the same 
distance firom the centre, so the 
reflected sound will arrive at the point a, at the same instant ; 
and the echo will be loud, in propor^n to the number and 
perfection of these reflecting surmcesP 




Espbia fig. 1191, and show in wliat dinctha sound i^pnmclies and leaves 
axeflmngsarliue. What is tlwaiide under which soond strikes a nflect- 
ti^^fliirftce called 1 What isthe angwanderwhidiit leaf)Bsaxefleettng8lir- 
&eeeaIled1 IstheroaaydijQrefenoeindieqiianlifcjaftlieaetwoaiiglBsl ^a^ 
pow a piatd to be And m tli0 osntie of a dicolar iDoo^ vH^ 
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It IS apparent that the auditor, in this case, most be placed 
in the centre from which the sound proceeds, to receive the 
^atest effect But if the shape of the room be oval, or ellip- 
tical, the sound may be made in one part, and the echo wdl 
be heard in another part, because the ellipse has two points, 
called foci, at one of which, the sound being produced, it will 
be concentrated in tho other. 

Fig. 115. jfSuppose a sound to be produced at a, 

115, it will be reflected from the 
sides of ^e room, the angles of incidence 
being equal to those of reflection, and 
will be concentrated at 6. Hence a 
hearer standing at b will be effected by 
the united rays of sound from different 
parts of the room, so that a whisper at a, 
will become audible at 6, when it would 
not be heard in any other part of the 
room. Were the sides of the room lined 
with a polished metal, the rays of light 
or heat would be concentrated in Uie 
same manner J 

The reason of this will be understood, when we consider, 
that an ear, placed at e will receive only one ray of the sound 
proceeding from a, whUe if placed at 6, it will receive the rays 
from all parts of the room. Such a room, whether construct- 
edby design or accident, would be a whispering gallery, 

^EOn a smooth sur&ce, the rayB, or pulses of sound, will pass 
with less impediment than on a rough one. For this reason, 
persons can talk to each odier on the opposite sides of a river, 
when tiiey could not be understood to the same distance over 
"^e land. The report of a cannon, at sea, when the vmter is 
emooth, may be heard at a great distance, but if the sea is 
roof h, even widiout wind, die sound wiU be broken, and will 
reaoi only half as far. 

The strings of musical instruments are elastic cords, which 
bein|r fixed at each end, produce sounds, by vibrating in the 
midSe. 




Explain fig. 114, moA gtwe the lesflon. Simpose a ■omd to be produced 
incmeofthefedof aBApse,wheietlieiiim|Sttitbedia^^ Ex- 

plaia fig. 115| and am the leaeon. Why is it tiiat penoos can conyene on 
diBOfii^Mite ndei tf a river, when Aeyoould not hear each other at thesanhe 
dbtaaoeov^rth^hndl Howdotheftat^ofmuflcaliofltramentopsiodi^ 




Tk« ttriagof a violin or piano, when pnfled to <»ie aide by 
Its nuddtef uid let go, Tibrates backwards and forwarda, Mke 
a pendulum, and striking rapidly against the air, produces 
tones, which are grave, or acute, according to its tension, size, 
or length. 

The manner in which such a string Tibrates, is shown by 
fig. 116. 

Fig. IK If pulled from e to 

^ C_ fl, it will not stop a- 

gain at e, but in pas- 
sing from a to c, it 
will gain a momen- 
turn, which will car 
ry it to c, and in re- 
turning, its momen 
turn will again carry it to d, and so on,, backwards and forwards, 
like a pendulum, until its tension, and the resistance of the 
air, will finally bring it to rest^ 

The grave, or sluurp tones of the same string, depend(on 
Its dififerent degrees of tension ) hence, if a string be struck, 
and while vibrating, its tension be increased, its tone will 
be changed from a lower to a higher pitch. 

Strings of the same length are made to vibrate slow, or 
quick, and consequently to produce a variety of sounds, by 
making some larger than others, and giving them different 
degrees of tension. The violin and hass viol are familiar ex- 
amples of this. The low, or bass . strings, are covered with 
metallic wire, in order to make their magnitude and weight, 
prevent their vibrations from being too rapid, and thus they 
are made to give deep or grave tones. The other strings are 
diminished in thickness, and increased in tension, so as to 
make them produce a greater number of vibrations in a given 
time, and thus their tones become sharp or acute, in ]Nro 
portion. 

Under certain circumstances, a long string will divide itself 
into halves, thirds, or quarters, without depressing any part 
of it, and thus give several harmonious tones at the same tnne. " 

The fairy tones of the JBolian harp are produced in this 
manner. This instrument consists of a simple box of wood* 
with four or five strings, two or three feet long, fastened •• 

Explain fig, lift On what do Ae grave or acute tones of the flame fltikf 
depend 7 Why are the heis etrings of uistroments eoveied with soetallift 
w&bT Why la then a varietfcf tones in the^ofisn ha^,sinDesD tlli 
ttriiMiw are toned in iinuoD^ 
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each end. These are tuned in unison, so that when made to 
vibrate with force, they produce the same tones. But when 
suspended in a gentle breeze, each string, according to the 
manner or force in which it receives the blast, either sounds 
as a whole, or is divided into several parts, as above described. 
" The result of which," says Dr. Amot, " is the production of 
the most pleasing combination, and succession of sounds, 
that the ear ever listened to, or fancy perhaps conceived. 
Afler a pause, this fairy harp is often heard beginning with a 
low, ana solemn note, like the bass of distant music in the 
sky ; the sound then swells as if approaching, and other tones 
break forth, mingling with the first, and wim each other." 

The manner in which a string vibrates in parts, will be un-* 
derstodd by fig% 117. 

Fig. 117. 




Suppose the whole length of the string to be from a to h, 
and that it is fixed at these two points. The portion firom h 
to c, vibrates as though it was fixed at c, and its tone differs 
from those of the other parts of the string. The same happens 
from c to d, and from d to a. While a string is thus vibra- 
ting, if a small piece of paper be laid on the part c, or d, it 
«fiU remain, but if placea on any other part of the string, it 
will be shaken off.'; 

^ Wind. 

Windfis nothing more than air in motion. The use of a 
fan, in Warm weather, only serves to move th^ air, and thus to 
make a little breeze about the person using it. 

As a natural phenomenon, that motion of the air which we 
call Mond, ds produced in conseauence of there being a greater 
degree oriieat in one place tnan in another.*! The air thus 
heated, rises upward, wnile that which surroulms this, moves 
forward to restore the equilibrium. 

The truth of this is illustrated by the fiict, that during the 
burning of a house in a calm night, the motion of the air to- 
wards Uie place, where it is thus rarefied, makes the wind blow 
from every point towards the flame.J ^ 

Explain fig.117, showing the manner in which strings vibrate in parts. 
What is windl As a natural phenomenon how b wind produced, or, what 
k the cause of wind 1 How k this iUustraled 1 
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In idftnds shpated in hot clunates, this prindple is '^harming 
ly illvstarated/The land, during the da^ time, beinff under the 
njB of a tropical sun, becomes heated m a greater degree than 
the Burrounaing ocean, and consequently, uiere rises fr^iA the 
land a stream of warm air, during the day, while the cooler 
air from the surface of the water, moving forward to supply 
this partial vacancy, produces a cool breeze setting inland on 
aU sides of the island. This constitutes the sea breeze, which 
is so delightful to the inhabitants of those hot countries, and 
without which men could hardly exist in some of the most lux- 
uriant islands between the tropics. 

During the nif^ht the motion of the air is reversed, because 
the earth bein? heated superficially, soon coob when the sun 
18 absent, while the water being warmed several feet below 
its surface retains its heat longer.*^ 

Consequently towards morning the earth becomes colder 
than the water, and the air sinkm^ down upon it, seeks an 
equilibrium by flowing outwards, lue rays from a centre, and 
thus the land breeze is produced. 

The wind then continues to blow from the land, until the 
equihbrium is restored, or until the morning sun makes the 
land of the same temperature as the water, when for a time 
there will be a dead calm* Then again the land becoming 
warmer than the water, the sea breeze returns as before, and 
thus the inhabitants of those sultry climates are constantly re- 
freshed faring the summer season, with alternate land and sea 
breezes./ 

At the equator, which is a p^ of the earth continually un- 
der the heat of a burning sun,(theair is expanded and ascends 
upwards so as to produce currents from the north and south, 
which njpve forward to supply the place of the heated air as it 
rises. , /These two currents, coming from latitudes where the 
dai]]r' motion of the earth is less than at the eouator, do not 
obtain its full rate of motion, and therefore when they ap 
proach the equator, do not move so fast eastward as that poi- 
tion of the earth, by the difference between the equator** 
velocity, and that of the latitudes from which tibey come. 
This wind therefore falls behind the earth in her diurnal 
motion, and consequently has a relative motion towards the 

In the islands of hot climates, wh^ does the \nnd blow inland during the 
ter, and off the land daring the nig[ht 1 What are these breezes eued 1 
What is said of the ascent of hested air at the equator 1 What is the oonse' 
quenoe on the air towaxds the noitfa aad aoath 1 
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Mst This constant iMreeee towttvds tibe vreai is eslbd A« 
^a(^ windf because a Jarge portion of the cemneKe of ni^ 
ioas comes within its influenceA 

^^ile the air in the lower regions of the atmosphere is 
hus constanthr flowinj^ from the north and sooth towvrds (ftM 
jquatOT, and formii^ we trade winds between Uie tropics, the 
tested air from these regions as perpetaall)i: rises and foims 
I counter current through the higher re^ns. towards the npr^ 
ind south from the tropics, thus restonng the equitibriuny 

This counter motion of the air in the upper and lower re 
gions is illustrated by a very simple experiment. ( Open a door 
a few inches, leading into a heated room, and hold a lighted 
candle at the top of the passage; the current of air as indica* 
ted by the direction of the flame, will be otU of the room. 
llien set the candle on the floor, and it will show that the cor- 
rent is there into the room. Thus, while the heated air rises 
and passes out of the roonvjhat which is colder flows in, Along 
the floor, to take its place. / 

This explains the reason why our feet are apt to sulfer with 
the cold, in a room moderately heated, while the other parts 
of the body are comfortable, it also explains why those who 
sit in the gallery of a church are sufliciently w^rm, while those 
who sit below may be shivering with the cold.; 

From such facts, showing the tendency of heated air to as- 
cend, while that which is colder moves forward to supply its 
place, it is easy to account for the reason why the wind blows 
perpetually from the north and south towards the tropics; for, 
the air being heated, as stated above, it ascends, and then flows 
north and south towards the poles, until, growing cold, it 
sinks down, and again flows towards the equator. 

Fig. 118. Perhaps 

d e these oppo- 

'^^ ^*^^^ gite motions 

of the two 
currents will 
be better un- 
derstood by 
the sketch, 
a figure 118. 

Ebw am the trade wmdfl jRynnedl While the air in the lower legiona 
flows fiom the north and sooth towards the equator, in what direction does 
It flow in higher immsl How is this coonter current in lower and npper 
ragioiis 3Iiu£rated % a ample experiment 7 
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Suppoie aheto reprawnt a poiiion of the earth's surlace. 
« being towards the north pole, c towards the south pole, and 
ft the equator. The currents of air are supposed to .pass in the 
dbeetion of the arrows. The wind, themore^^rom a to h 
woohl blow, on the sur&ce of the earth, from north.tQ south 
while from e to a, the upper current would pass from south Is 
north, until it came to a, when it would change its direction 
towaids the south. The currents in the southern hemisphere 
being govemed by the same laws, would assume similar direc- 
tiona. 

OPTICS. 

Optics is that science which treats of vision, and the pro 
perties and phenomena of Hffht i 

The term optics is deriyea mm a Greek word, which sig- 
nifies seeing. 

This science involves some of the most elegant and import- 
ant branches of natural philosophy.^ It presents us wim ex- 
periments which are attractive by their beauty, and which as- 
tonish us by their novelty ; and, at the same time, it investi- 
gates the principles of some of the most useful among the ar- 
ticles of common life. ^ 

. There are two opinions concerning the nature of light. 
Some maintain that it is composed of material particles, which 
are constandy thrown off from tiie luminous body; while 
others suppose that it is a fluid difiused through all nature, 
and that the luminous, or burning body, occasions waves or 
undulations in this fluid, by which the light is propagated in 
the sajor^e manner as sound is conveyed through the slit. The 
most probable opinion, however, is,, that light is composed of 
exceedingly minute particles of matter. But Whatever may 
be the nature or cause of light, it has certain general proper- 
ties or effects which we can investigate. Thus, by expe|i- 
ments, we can determine the laws by which it is governed in 
its passage through different transparent substances, and also 
tiiose by which it is governed when it strikes a substance 
dirough which it cannot pass. We can likewise test its na- 
ture to a certain degree, by decomposing or dividing it into its 
elemeiHary parts, as the chemist decomposes any substance he 
wishes to an alyze. ^ 

What common 6ct does this ezperimeht inustratel Define Optics 
What ksaM of the elegaxioe and importwce of this science) What are the 
two opinbns ocHioeroing the nature of light 1 What is the maA piohable 
opinion 1 






OPTICS. 146 

To understand the science of optics, it is necessary to de 
fine seyeral terms, which, althousrh some of them may be ui 
oomnion use, have a technical meaning, when applied to this 
science. 

Light is that principle, or sublsi^ce, which enables us to see 
any TOdy from which it proceed^ If a luminous substance, 
as a burning candle, be carried into a dark room, the objects 
in the room become visible, because they reflect tibe light of 
the candle to our eyes. {For the Chemical effects of Lights 
see Chemistry,) 

Iniminous bodies are such as emit light from their own 
substance. The sun, fire, and phosphorus, are luminous bo- 
dies. The moon, and the other planets are not luminouSf 
since they borrow their light from Ae sun. 

Transparent bodies are such as permit the rays of light to 
pass fredy through them.) Air and some of the gases are 
perfectly transparent, since fliey transmit light without being 
visible themselves. Glass and water are also considered trans- 
parent, but ythey are not perfectly so, since they are diemselves 
visible, ana therefore do not suffer the light to pass through 
tliem without interruption. ' 

Translucent bodies are such as permit the light to pass, but 
not in sufficient quantity to render objects distinct, when seeo 
through them.^ 

Op€Lque is the reverse of transparent. Any body which per- 
mits none of the rays of light to pass through it, is opaque. 

Illuminated, enlightened. , Any thing is illuminated when 
the Wffht shines upon it, so as to make it visible. Every object 
exposed to the sun'is illuminated. A lamp illuminates a room, 
and every thin^ in it. 

A KayU a smgleline of light, as it comes from a luminous 
body.> 

A Beam of li^ht is a body of parallel rays. 

A Pencil of hght is a body of diverging or converging rays* 

Divergent rays, are such as come from a point, and contm- 
nally separate wider apart, as they proceeiL 

What IB light 1 What is a luminoiii body t What is a transpareotbodyl 
Afe gkun and water perfectly transparent 1 How is it pr oved that air is 
fuSddfy transparent! What are tnunslucent bodies 1 Wliat are cmqvm 
MesT What is meant b^iUuminatedl What is a ray of fight 1 Wbtt 
i^mheam? What a penall What aie divergent laysl 

13 . 
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Converffeni nyn, jure those which approach each other,^ mi 
as to meet at a comiribn poiiitl 

Luminous bodies eniit my%or pencils of light* in every di* 
rection,; so Uiat ihe space througn which they are visable is 
tSkA with them at every possible point. 

iHius, the sun illominates every point of space, within the 
lole solar system. A light, as that of a lig^nt house, whidi 
can be seen from the distance of ten miles in one direction. 
fiOa every point in a circuit of ten miles from it, with light) 
Were this not the case, the light from it could not be seen from 
every point within that circumference. 

The rays of light move forward in straight lines from tfie 
hminous body, and are never turned out of their course ex 
aept by some obstacle. 

^•^^ Let fl, fig. lid, 

be a beam of light 
from the sun pass* 
ing througn a 
small orifice in 
the window shutr 
ter 6. The son 
eannot be seen through ihe crooked tube c,\because the beam 
passing in a straight line, strikes the side of the tube, and 
tbereibre does not pass through iU 

All the illuminated bodies, whether natural or artificial, 
throw off light in every direction of the same color as them> 
selves^ thou^ the light with which they are illuminated is 
white or witnout color. 

Thb fact is obvious to all who are endowed with siriit 
Thu9, the light proceeding from grass is green, wliile mat 
proceeding from a rose is red, and so of every other color. 

We shdl be convinced, in another place, that the white 
fight with which things arc illuminated is really composed of 
several colors, and that bodies reflect only the rays of their 
own colors, whil^|lhey absorb all the other rays) 

Li^ht moves with the amazing rapidity of about 95 millions 
of miles in 81 minutes^, since it is proved by certain astr(^ 
nomical observations, mat the light of the sun comes to the 

What are oonveigcnt n^f In what direction do IttminouB bodies emil 
Mill How 18 ft proved that a lundnoos body fills every point withiya osf* 
tain di^nce with aghtl Why cannot a beam of liffht be seen mma^ a . 
bent tube? What is the color of the light which different bodies throw fffi 
If friM thrown off grMniq^ what bsooows of tha other lays 1 ]! 
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eurth in that time. This Telocity is so great* that to any di** 
tance at which an artificial light can 1^ seen, it seems to bo 
transmitted instantaneously. \ 

If a ton of ^npowder were exploded on the top of a momi- 
tain, where its light could be seen a hundred miles» no per* 
ceptible difference would be observed in the time of its ap« 
pearance on the spot, and at the distance of a hundred miles. 

Refraction of Light. 

lough a ray of lightwill always pass in a straight line, 

when not interrupted, ye^^hen it passes obliquely from one 
transparent body into another, of a different density, it leaves 
its linear direction^nd Is bent, or refrcLCted^ more or less, out 
of its former coul4^ 'rhis change in the direction of lights 
seems to arise froin a certain power, or quality, which trans* 
parent bodies possess in different degrees; for some sub* 
Fig. I'iO. stances bend the rays of light much 

more obliquely than others. 

The manner in which the rays of 
light are refracted, may be readily mi* 
derstood by fig. 1593. 

(Let a be a ray of the sun*s light, pro- 
ceeding pbliquely towards the surface 
of the water c* a, and let e be the point 
which it would strike, if n^ving only 
through the air. Now, instead of pass- 
ing duroogh the water in the line a, e, it will be bent or re* 




Fig.l2L 
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widi a shining on the 



Whstkthe^nite 
■ay oHemiee in tho dmo^f 
acnsf ormaBdittaiieef "^ 
<f tmniqgiwit bodieg icflnct 



fracted, on entering the water* 
from to fi, and having passed 
through the fluid it is a^in re* 
fracted in a contrary direction 
on passing out of the water, 
and then proceeds onvi^ard in 
a straight line as before^ ' 

The refraction of water Is 
beautifully proved by the fol* 
lowing simple experiment 
Place an em^ty cup, fig. 121, 
I, in snc& a position, that the side 



wUeh light mcuves? Canwe penflips 
Jakes an artificial Ikht io pass to UB fimm 
^iimeaki by the xmclimi of ligfat 1 Do 
E«i|iiaBy? 
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"^ «r dM «ap wfll jort UAt th« ptMO of money from Ae £70, 
Tkca Im wMtiMr peraon fill tlie cup wUh wster, keejnng th« 
«ye In the Bame position m before. At the water ia poored 
ll^ tte ehiMJM vrill become risible, appearing to riae with 
die wtler. {Tne effect of the water is to bend Ute ray of liebt 
toniat from the shilling, so aa to make it meet the eye below 
iIm pouil where ft otherwiae woukl. Thin the e^e could not 
■ee the shilling in the direction of e, since the hne of vision 
f> towards a, and c is hidden by the side of the cup. But the 
lefJraction of the water bends the ray downwards, producing 
the same effect aa though the object had been raised upwards, 
and hence it becomes visiblcj 

The transparent body through which the light paas^jis 
caDed the medium, and it is found in all cases, " that lohere a 
ray of liffhtpasseaipbliquelvJTom tme medium into another of 
a different aB7isity,tt is r^acted,or turtiedout of its former 
Murse." Th'iB ia illustrated in the above e^iamples, the water 
being a more dense medium than the air. The refraction takes 
place at the suriace of tlie medium, and the ray is refracted in 
its passage out of the refracting substance aa well as into it.. 

If the ray, afler having passed tlirough the water, then 
■dikes upon a still more dense medium, as a pane of glassi it 
fig. 139. will aglun be refracted. It is understood, 
that in all cases the ray must fall upon the 
refracting medium obliquely in order to be re- 
fracted, lor if it proceeds from one medium to 
another perpendicularly to their surfaces, it 
y wiU pass straight through them all, and no re- 
fraruon will take place. 

Thus, in lig. l!£i, let a represent air, b wa 

ter, and c a piece of glass. The ray d striking 

each medium in a perpendicular direction, 

passes through (hem all in a straight line. The 

oblique ray passes ihrouxh the air in the di- 

' recbon of t^ but meeting the water, is refracted 

- , in Ae direction of 0; then falling upon the 

glass, it is again refracted in the direction of 

p, neatly parallel with the perpendicular line d. 

Bntltn Kg. 190. Uld show how the rey U refracted In punnz ici 
<M oiAa witel. R^ t J u J" fig. 191, and (tote the reaaon whj tba al 
KMitM to ba nkcd vp bypounng in the water. What ia ft — ' — 
■bat diiectlntimMta T*; of light pua towards the m-^- — '- 
Win a riy ftlEiig peroenJiculariy on anwi'- — ' 
■|. LB, aol show bow die ray < >> rafracted. 



OPTICS, 



149 




IndUease^u^^fitheray passes out of a rarer into a den^ 

ser medium^ it ts refractedl^owards a perpendicular line^ 

Fig. 12S. raised from the surface of the d>enser me- 

diuTii) and sOf when it pa>sses out of a den* 

ser^into a rarer medium^ it is refracted 

jrom the same perpendicular^ 

(Let the medium 6, fig. 123, be glass, and 
the medium c, water. The ray a, as it 
&lls upon the medium ft, is refracted tor 
wards the perpendicular line e, d; but 
when it enters the >vater, whose refractive 
power is less than that of glass, it b not 
bent so near the perpendicular as before, 
^ and hence it is refracted from^ instead of 
cowards the perpendicular line, and approaches the original 
direction of the ray a, ^, when passing through the air.) 

The cause of refractioii(appears to be the power of attrac* 
(ion^ which the denser medium exerts on the passing ray 
and m all cases the attracting force acts in the direction of a 
perpendicular to the refracting surface. 

The refraction of the rays of light, as they fall upon the sor- 
fiice of the water, is the reason why a straight rod, with one 
end in the water and the other end rising above it, appears to 
be broken, or bent, and also to be shortened. 

Fiff 124 Suppose the rod a, ^s. 124, to be set with 

^' one half of itslen^ below the sur&ce of the 

j^ water, and the ouer half above it The eye 
^ being placed in an oblique direction, will see 
the lower end apparent)^ at the point o, while 
the real termination ot the rod would be al 
n : the refraction will therefore make the 
rod appear shorter by the distance from o to 
n, or one fourth shorter than the part below 
the water really is. The reason why the rod appears distort- 
ed, or broken, is, that<We judge of the direction of the part 
which is under the watCT; by that which is above it, and the re- 
fraction of the rays coming from below the surface of the water, 
five them a different direction, when compared with those com- 
ing from that part of the rod which is above it^ Hence, when 

When the ray panes out of a ngwr into a denser mediuni, inwbat di- 
iwlkm is it refracted 1 When it passes out of a denser into a xaivr niedli]in» 
» what direction is the lefraetionl Explain this by ^, 133. MThat is Iha 
waseofiefinctioni What b the reason that a rod, with one cnl in the wii* 
Mt^ appeal* distofUd aaddiorterthanitnally bl 
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the whole rod isMowtfae wmter, nosiwli distorted ftppetnaee 
if obierredf because Iheii all the rajs are refracted equally. 

For the reason just explained, persons are often deceiyed 
in respect to the depth of water, the refraction making it ap- 
pear much more ahallow than it really is ; and there is no 
douht hut the most serious accidents Have often happened to 
those who have gone into the water under such deception . 
or a pond which is really six feet deep, will appear to tne eye 
Cfdy a little more than four feet deep. 

Reflection of Light. 

If a boy throws his liall a^inst the side of a house swiftly, 
and in a perpendicular direction, it will bound back nearly in 
the line m which it was thrown, and he will be able to catch 
it with his hands ; but if the ball be thrown obliquely to the 
right, or left, it will bound away from the side of the house in 
the same relative direction in which it was thrown. 
' Hie reflection of light, so far as regards the line of ap- 
proach, and the line of leaving a reflecting 
Pig. 196. surface, is governed by the same law 

4 Thus, if a sun beam, fig. 125, passing 

H through a small aperture in the window 
shutter a, be permitted to fall upon the 
m p\9ne mirror, or looking glass, c, d, at 
right angles, it will be reflected b8ck(1[t 
ri^ht angles with the mirror, and therefore 
^ will pass back again in exactly^ the same 

direction in which it approachedO ^ 

But if the ray strikes the mirror in an oblique directionj^ 
Pig. 196. will also be thrown oflf in an oblique at" 

rection opposite to that in which it was 
thrown^ 

Let 'a ray pass towards a mirror in the 
line Oj e, &g. 126, it will be reflected off* in 
the direction of c, d, making the angles 1 
aiid 2 exactly equal. 

The ray a, c, is called the incident ray, 

and the ray c, d, the reflected ray ; and it 

is found in all cases, that whatever angle 

the ray of incid ence makes with the reflect* 

WInr does tbe water in a pond appear less deep than it leally is ? Suppose 
aimn oeam fiill upon a plane minor at right angles with its surfiuie, in what 
onetion wil it be reflected 1 Suppose the ray falb oUiquely on ks BOrftoB, 
tewliat dneetion win Ift then be reflected 1 Wl^ 
WhtMt is a leflected ray of ligbll 
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ing 8mface» or with a perpendicukr line drawn 
F^.ld7. from the reflecting surface, exactly the same 
angle is made by the reflected ray. 

From these facts, arise the general law in 
optics/that the angl^,af reflection is equal to 
me angle of incidence^ 

The ray a, c, fig. 1^, is the ray of incidence, 
and that from c to cZ, is the ray of reflection. 
The angles which a, c, make with the perpen- 
dicular line, and with the plane of the mirror, 
is exactly equal to those made by c, e2, with 
the same perpendicular, and the same plane 
surface. 

Mirrors. 

Mirrors are o(7hree)kinds, namely, plane, convex, and con- 
cavi^ They arelnad^ of polished metal, or of glass covered 
on the back with an amalgam of tin and quicksilver. 

The common looking glass is a plane mirror,;and consists 
of a plate of ground glass so highly polished as to permit the 
rays of light to pass through it vnth little interruption. On 
the back of this piate is placed the reflecting surface, which 
consists of a mixture of tin and mercury. The glass plate, 
iherefore^nly ansi^rs the purpose of sustaining the metallic 
surface in its place^^-of admitting the rays of light to, and 
from it, and of preventing its surice from tarnishing, by ex^ 
eluding the air. Could tne metallic surface, however, be re- 
tained m its place, and not exposed to the air. without the glass 
plate, these mirrors would be much more perfect than they 
are, since, in practice, glass cannot be made so perfect as to 
transmit all the rays of light which fall on its surface. 

When applied to the plane mirror, the angles of incidence 
and of reflection are equal, as already stated, and it therefore 
follows, that when the rays of light fall upon it obliquely in one 
direction, they are thrown off under the same angle in the. op: 
posite direction. 

This is the reason why the images of objects can be seen 
whan the objects themselves are not visible. 

WluLt general law in optics results from obsenrations on the incident and 
reflected rays 1 How many lands of mirrors are there 1 What kind of 
mirror is the common looking glassl Of what use is the {lass plate in thi 
construction of this mirror 1 
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(Suppose the mirror a 5, fig, 1^ to h% 
placed on the side of a room, and a iamp 
to he set in another room, but so ntoa- 
ted, as that its light would shine upon 
the glass. The lamp itself could not. be 
,^ seen by the eye placed at e, because die 
partition d is between them; but itt 
image would be visible at e, because the 
angle of the incident ray, coming frm& 
the light, and that of the reflect^ ray 
which reaches the eye, are equaU' 

An image from a plane mirroK appears 
to be just as far behind the mirror, as the 
object is before it, so tliat when a person approaches this 
nurror, his image seems to come forward to meet him ; md 
when he withdraws from it, his image appears to be moving 
backward at the same rate. For the same reason the different 
parts of the same object will appear to extend as for behind 
the mirror, as they are before it 

l( for insuince, one end of a rod two feet long be made to 
touch the surface of such a mirror, this end of the rod, and itk 
image, will seem nearly to touch each other, there being only 
the Uiickness of the glass between them ; while the other end 
of the rod, and the other end of its image, wUl appear to be 
equally distant from the point of contact. 

I'he reason of this is explained on the principle, that the 
angle of incidence and that of ^flection is equal. 



i*^. 129. 




( Suppose tlie arrow a, to be the 
object reflected by the mirror d e 
fig. 129; the incident rays a, 
flowing from the end of the ar 
row, being thrown back by reflec- 
tion, will meet the eye in the 
same state of divergence that 
they would do, if they proceeded 
to the same distance behind the 
mirror, that the eye is before it, 
as at o. Therefore, by the aame 



Explain fig. IdS, and show how flie image of an object can be seen in a 
fiane minor, when the real object is invisible. The imaee of an oUecl 
appears juat as fitr behind a plane minor, as the object ia belxre it \ czpuo^ 
ig W, and ■how why this IS the case. 
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htWf the reflected rays, where they meet the eye at e, ef^etr 

to diverge from a point A, hist as far behind me mirru', as a 
is before it, and consequently the end of the arrow most re» 
mote from the glass, will appear to be at A, or the point where 
ihe approaching rays would meet, were they continued on* 
ward behind the glas^ The rays flowing from every other 
part of the arrow folhm the same law ; and thus every pari 
of the image seems to be at the same dbtance bcamd the 
mirror, that the object really is before it 

In a plane mirror, a person may see his whole image, when 
the mirror is only half as long as himself; let him stand at 
any distance from it whatever. 

This is also explained by the law, &at the angles of inci- 
dence and reflection are equal. If the mirror be elevated, so 
that the ray of light from the eye falls perpendicularly upon 
the mirror, this ray will be thrown back by reflection in the 
same direction, so tnat the incident and reflected ray by which 
the ima^e of the eyes and face are formed, will be nearly i>a 
tallel, while the ray flowing from his feet will fall on the mir- 
ror obliquely, and will be reflected as obliquely in the con- 
trary direction, and so of all the other rays by whieh the im* 
age of the diflerent parts of the person is formed. 

Fig. 130. Thus suppose the mir- 

f ror c e, dg. 130, to be just 
half as long as the arrow 
placed before it, and sup- 
pose the eye to be placed 
at a. Then the ray a e, 
proceeding from the eye 
at a^ and falling perpen- 
dicularly on the glass at 
c, will be reflected back 
to the eye in the same 
line, and this part of the 
image wHl appear at 6, in the same line, and at the same dii^ 
tance behind the riass that the arrow is before it But the 
ray flowing from the lower extremity of the arrow, will fail 
on the mirror obliquely, as at e, and will be reflected under 
Ae same angle to the eye, and therefore the extremity of the 

What iinirt be ihe oompanflve length «if a plane xmrror, in which ft ^^ 
nay see Ins whde imagel In wluit part of the image, fig. 130| ai«e tfaf 
inoidnital and reflected vays nearly nanulel 1 Why does the image of tbt 
towor part of the arrow appear at dl 
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Image, appearing in the direction of the reflected layt wih h^ 
•een at a. The rays flowing from the other parts of the 
arroWy will ohserve the same law» and thus the whole image 
is seen distinctly* and in the same position as the object 

To render this still more obvious, sup||>ose the mirror to be 
remoTcd, and another arrow to be placed m the position where 
llB image appears, behind tlie mirror, of the same length aa 
t6e one Hetore it. Then the eye, being in the same position 
as represented in the figure, would see the difl*erent parts of 
the real arrow in the same direction that it before saw the 
image. Thus the ray flowing from the upper extremity of the 
arrow, would meet the eye in the direction of b c, while the 
fay coming from the lower extremity, would &11 on it in the 
direction of ed. 

Cfmvex Mirror. A convex mir- 
ror(is a part of a sphere, ox globe 
reflecting from the outside^ 

Suppose fig. 131 to be ifsphere, 
then the part from a to o, would be 
a section of the sphere. Any pari 
of a hollow ball of glass, with an 
amalgam of tin and quicksilver 
spreiul on the inside, or any part 
of a metallic globe polished on the 
outside, would form a convex mir- 
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ror. 




/"The axis of a convex mirror, is a 
UM^as c ft, passing through its centr^ 
ntkys of light are said to diverge^ 
^wiien they proceed ^rom the same 
point, and constantly rece<}e from each 



.ther, as from the point p^ ^g. 132» 
of light are said to converge^ 
they approach each other in 



atner, as i 

(Kays of li 

when thev 



inch a direction as finally to meet at a poinDas.at ft, fi^. 13S. 
The ima^e formed by a plane mirror, as we have uready 
seen, b of the same size' as tne object, but the image reflected 
frfim the convex mirror is always smaller than die object 

SappoM the mimr, ^. 130, to be lemoved, and an anow of the mbm 
kagtb to be placed where the imafje appeared, would the dbwction of the 
ny% Aom the arrow be tSie same that th^ were ftom the bnagel What \$ 
soobveznmrTor? What is the axis of a coawz minor 1 Waataiedmof* 
ingnijil What axe ooaveigingrayil 
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The law which ffovems the passage of light with respect to 
Che angles of incidence and reflection, to and from the con- 
rex mirror, is the same as already stated, for the plane mirror 
From the surface of a plane mirror, parallel rays are reflecl- 
ed parallel ; but the convex mirror causes parallel rays falling 
on Its surface to diverge^ by reflection. 

Fig. 133. To make this understood, (let 

1, % 3, flg. 133, be parallel rays, 
falling on the surface of the con- 
rex reflector, of which a ^ would 
be the centre, where the reflector 
a whole sphere. The ray 2 is 
perpendicular to the surface ol 
the mirror, for when continued 
in the same direction, it strikes 
the axis, or centre of the circle a* 
The two rajTS 1 and 3, beinc 
parallel to this, all three would 
'^ fall on a plane mirror, in a per- 
^ pcndicular direction, and conse- 

enently would be reflected in the lines of their incidence. 
But the obliquity of the convex surface it is obvious will 
render the direction of the rays 1 and 3, oblique to that sur- 
face, for the same reason that 2 is perpendicular to that part 
of the circle on which it falls. Rays falling on any part of 
this mirror, in a direction, which, if continued through the 
circumference, would strike the centre, are perpendicular to 
the side where they fall. Thus, the dotted lines c cr, and d 
Oy are perpendicular to the surface, as well as % 

Now the reflection of the ray % will be back in the line of 
its incidence, but the rays 1 aiid 3, falling obliquely, are re- 
flected under the same angles at which they fall, and therefore 
their lines of reflection wiU be as far without the perpendicular 
lines Cflu^nd d a, as the lines of their incident rays, 1, and 3, are 
within them, and: consequently they will diverge in the direc- 
tion of e and o ; ^and since we always see the image in the di- 
rection of the reflected ray, an object placed at 1, would ap 
pear behind the sifa^ce of the mirror at n, or in the direction 
of the line o n. 

What law gofOTDS the paasage of fight from and to iha conwz n^ 
aort Afo waHd ravs ftSaiDs on a convex minor, nefleelsd panBell 
B^qOaiB fig.i33. 
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Peiliapf the subject of the convex mirror winbehettenmder- 
stood by considenng its surface to be formed of a number #i 
plane surfaces, indefinitely small. Hn this case, each point 
firom which a ray is reflected, woula act in the same mannei 
as a plane mirror, and the whole, in the manner of a numbor 
of mmute mirrors inclined from each othei^ 

(Suppose a tod ft, fig. 134, to be 
the points on a convex mirrorfrom 
which the two parallel rays, c and 
d, are reflected. Now, n^om the 
surface of a plane mirror, the re- 
flected rays would be parallel, 
whenever the incident ones are 
so, because each will fall upon the 
surface under the same angles. 
But it is obvious in the present 
case, that these rays £ftll upon the 
•urftces a, end ft, under different angles, as respects the sur- 
&ce8, c, approaching in a more oblique direction than d ; con* 
eefluently c is reflected more obliquely than (2, and the two 
renected rays, instead of being parallel, as before, diverge in 
the directioD of n and o.. 

Fig. 135. (Again, the two converging 

rays a and ^, fig. 135, without 
the interposition of the reflect- 
ing surfaces, would meet at c% 
but because the angles of refleo- 
^ tion are equal to those of inci- 
dence, and because the surfa- 
ces of reflection are inclined to 
each other, these rays are re- 
flected less convergent, and in- 
stead of meeting at the same 
distance before uie mirror^Jkhat 
^ c is behind it, are sent ofNin 

Ae direction of e, at which point they meeC) 

" nusparailelraysfallinffpna convex mtrronare render^ 
€d dioergii^hy reflection iJ^anver^ing rays are 4iiade less 
sonvergentj^mr parallel^ andfcRvergtng rays wore divergent 

Haw m the artion of the convex mirror iUcustrated by a numter of 
neminon'} Fziibin fig. 125. Whatefiect does dw conveK minor 
ne ifonpaialWl lAje by reflectionl What is ila efiaet on 
Wfst Wliat is ito effect on diveig^ig rays},, ^ 
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The effect of the convex mirror, therefore, is to disperse thu 
ra3r8 of light in a]] directions ; and it is proper here to remind 
the pupil, that althongh the rays of lignt are represented on 
paper by single Iines,finere are in fact probably millions of rays* 
proceeding from evety point of all visible bodiesT^^nly a 
comparatively small number of these rays, it is true, can enter 
die eye, for it is only by those which proceed in straight linefl 
from the different parts of the object, and enter the pupil, thai 
tiie sense of vision is excitedl 

Now, to conceive how exceedingly small must be the pro • 
portion of light thrown off, from any visible object which en- 
ters the eye, we must consider that the same object reflects 
rays in every other cHrection, as well as in that in which it is 
seen. Thus, the gilded ball on the steeple of a church may 
be seen by millions of persons at the same time, who stand 
upon the ground ; and were millions more raised above these, 
it would be visible to all. 

When, therefore, it is said, that the convex mirror disperses 
the rays of light which fall upon it from any object, and when the 
direction of tiiese reflected rays are shown only by single lines, 
h must be remembered, that each line represents pencils of 
rays, and that the light not only flows from the parts of the ob- 
ject thus designated, but from all the other parts. Were this 
not the case,mie object would be visible only at certain point^ 
The image^rnrji( objects reflected from the convex mirror 
appear curved ^(b^cause their different parts are not equally 
distant from its surface^ 

Fig. 136. f If the object a, be placed 

obliquely before the convex 
y^y^ mirror, fig. 136, then the con- 
- verging ravs from its two ex- 
tremities falling obliquely on 
its surface, v^ould, were they 
prolonged thi'4:)ugh the mirror, 
meet at the point c, behind it 
But instead of being thus con- 
tinued, they are thrown back 
by the mirror, in less conver- 

Do the rays of light proceed only from the extremities of ohjects, as lepre* 
•ented in figures, or from all their parts 1 Do all the ravs of light proceed- 
ing from an object enter the eye, or only a few of them % What would ha 
file consequence, if tne rays of light proceeded only from the parts of an oh^ 
|bct shown in diagrams ? Why do the images of objects reflected fitobi 
«a minon appear conred 1 

14 
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giBt KiMBt which oMel the eye at c, it being^, as we have fleel^ 
Me of the properties of this mirror» to reflect cooverging rays 
less eonvepgent than before. 

The image being always seen in the direction from which 
tfie rays approach the evei it appears behind the mirror at if. 
If the e^e be kept in tne same position, and the object a^ be 
aaeved iurther from the mirror, its image will appear smalleri 
ill a proportion inyersely to the distance to wnich it is re- 
moTed. Consequently, by the same law, tlie two ends of a 
straight olject will appear smaller than its middle, because 
they are further from the reflecting surface of the mirror* 
Thus, the images of straight objects, held before a convei 
mirror, appear curved, and for the same reason, the features 
of the face ap[)ear out of proportion, the nose being too larger 
and the cheeks too small, or narrow. 

The reason why the imaffe appears less than the object i% 
that the convex surface of me mirror hc^ the property, as sta 
ted above, of decreasing the convergency of the incidental 
lays by reflection. 

now, objects appear to us large or small, in proportion to 
the angle which the rays of light, proceeding from their ex* 
treme parts form, when they meet at the eye. For it is plain 
that the half of any object will appear under a less aiiffle than 
die whole, and the quarter under a less angle still. Therefore 
the smaller an object is, the smaller will be the angle under 
which it will appear at a civen distance. If then a mirror 
makes the angle under which an object is seen smaller, the 
elject itself will seem smaller than it really is. Hence the 
Fig. 137. ^ image bf an object, when re- 

^ ^ d fleeted from the convex mir- 
ror, appears smaller than the 

"7;^-;^' object iteelf. This will be 

"'-.O:::::::^^. understood ^Y^S' ^^7. 

* Suppose the rays flowing 
from Uie extremities of the 
object a, to be reflected back 
to c, under the same degrees 
of convergence at which they 
strike the mirror, then as m 




Why do the featuns of the fine appear oat of piopcvtion, by this mirror 1 
Why does an image reBccted fnmaoonvez soriaoe appear smaller than Che 
«hMMl WMy does th»hBifofanob|eotqipeer to the eye imalkr than the 
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Che plane mirror, the image d^ would appear of the same 
as the object a; for if the rays from a were prolonged behind 
the mirror, thev would meet at 6, but forming the same anf;ki» 
by reflection* that thejr would do, if thus prolonged, the obieet 
seen from ft, and its unage from c, would appear of the samt 
dimensions. 

But instead of this, the rays from the arrow a, beiuff rea^ 
bered less converffent by reflection, are continued onwara, and 
meet Uie eve under a more acute angle than at c, the angla 
under which they actually meet, being represented at e, co^ 
sequently the imaj^e of the object is shortened in propoiiion 
to the acuteness of this angle, and the object appears dimtnish^ 
ed, as represented at o. 

Fig. 13a ^^^ image of an object, as afare»* 

dy stated, appears less as the ob* 
ject is removed to a greater diih 
tance from the mirror. ^ 

To explain the reason of thisCleC 
us suppose that the arrow a, fig^ 
138, is diminished by reflection 
from the convex surface, so that its 
image appearing atd, with the ejre 
at c, shall seem as much smaller in 
proportion to the object, as <2 is less 
than a. Now, keeping the eye at the same distance from the 
mirror, withdraw tne object, so that it shall be equally distant 
with the eye, and^ the image will gradually dimmish, ais the 
arrow is removed/ 

The reason of this will be made 
plain by the next figure ;f for as the 
arrow is moved backwards, the an* 
gle at c, fig. 139, must be diminish- 
ed, because the rays flowing from 
^tlie extremities of the olnect fidl a 
greater distance before tl^y reaeh 
tne surface of the mirror ; /and as 
the angles of the reflected ravt 
bear a proportion to those of tOM 

Snppon the aogleii c and 6, fig. 137, aie equal, win there be any difiemioa 
between the nze of the object and its image 1 How is the image aiSBCto^ 
when the object is withibawn from the suraoe of a eonvex mimr 1 Rx« 
plain figureB 138 and 139, and show the leaaon why the images an r"'^*-''^ 
•d when the objects are removed from the convex minar. 
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ftteident ones, so the anfirle of nsion will become less in pro 
portion as the object is withdrawn. The effect therefore 
of withdrawing the obje ct,m first to lessen the distance be* 
tween the converging rays^fiowing from it, at the point where 
they strike the mirror, and as a consequence to diminish the 
angle under which the reflected rays convey its image to the 
cyc^ 

In the plane mirror, as already shown, the image appears 
exactly as far behind the mirror as the object is before it, but 
the convex mirror shows the image just under the surface, or, 
when the object is removed to a distance, a little way behind 
it To understand the reason of this difference, it must be 
remembered, that the plane mirror makes the image seem as 
ftr behind, as the object is before it, because the rays are re« 
^ected in the same relative position, at which they fal! upon 
its surface. Thus, parallel rays are reflected parallel ; diver- 
gent rays equally divergent, and convergent rays equajly con- 
vergent. But the convex mirror, as also above shown^eflects 
convergent rays less convergent, and divergent rays more di- 
vereenUand it is frcm this property of the convex mirror that 
the imSEge appears near its surface, and not as far behind it as 
the object is oefore it, as in the plane mirror. 

Fig. MO. A L^^ ns suppose that a, fig. 140, is a 

luminous point, from which a pencil of 
diverging rays fall upon a convex mir* 
ror. These rays, as already demon- 
strated, will be reflected more divergent, 
and consequently will meet the eye at e« 
in a wider state of dispersion than they 
fell upon the mirror at o. Now, as the 
image will appear at the point where 
*» the diverging rays would converge to a 
focitt in a contrary direction, were they prolonged behind the 
mirror, so it cannot appear as far behind the reflecting surface 
as the object is before it, for the more widely the rays meeting 
at the eye are separated, the shorter will be the distance at 
which tney will come to a point. The image will therefore 
appear at n, instead of appearing at an equal distance behind 
the mirror that the object a is before it. 

What is saiil to be the first effect of withdrawing the object ftom a con- 
cave sarfiioe, and what the coiuequenoe on the angle of reflected rayi 1 Ex* 
{lain the reaaoa why the image appeals near the surface of the coofes 
srIrw* 
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Ckmcave Mimr. The shape of the concave mirrorQB ex* 
aetly like that of the convex mirror, the only difference be* 
tireen them bein^ in respect to their reflecting surfaces. The 
reflection of the concave mirror takes place from its inmdet 
or concave surfece, while thai of the convex mirror is from 
the outside, or convex surface^ Thus (^ section of a metallic 
sphere, polished on both sides, is both a concave and convex 
mirror, as one or the other side is employed for reflectiofl^ 

The effect and phenomena of this mirror will thereforenbe, 
in many respects, directly the contrary from those already de- 
tailed in reference to the convex mirror^ 

^rom the plane mirror the relation of the incident rays are 
noT changed by reflection ; from the convex mirror they are 
dispersed } but the concave mirror renders the rays reflected 
from it more convergent, and tends to concentrate them into a 
fo^. 

gThe surface of the concave mirror, like that of the convex^ 
may be considered as a great number of minute plane mirrors, 
inclined to each other at certain angles, in proportion to its 
concavity^ 

The laws of incidence and reflection, are the same when 
applied to the concave mirror, as those already explained in 
reference to the other mirrors. 

Fig. 141. In reference to the concave mirror, let 

us, in the first place, examine the eflfect of 
two plane mirrors inclined to each other» 
as in fi^. 141, on parallel rays of liffht 
The incident rays, a and &, being parallel 
before they reach the reflectors, are thrown 
oflf at unequal angles in respect to each 
other, for b (alls on the mirror more ob- 
liquely than 0, and consequently is thrown 
off more obliquely in a contrary direction, 
therefore, Uie angles of reflection being 
equal to those of incidence, the two rays meet at c. Thus we 
aee that tlie effect of two plane mirrors inclined to each athWf 
18 to make parallel rays converge and meet in a focus. 




What b the shape of the concave mirror, and in what respect does it diffit 
ftom the oonvex mmorl How may conrez and eoneave mHrrara be united 
in the same instnimentl What is the difference of effect between thecen- 
fave, convex, and pfaoe nurion, on the reflected rays? I n wha t Rspedmsf 
Am ccincttye nteor be conskiered as a number of plm 1^^ 

14* 
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' The same result would take place, wfaetlier the muror waa 
one continued circle, or an infinite number of small mirroni 
hiclined to each other in the same relation as the difiere&i 
parts of the circle. 

The effect of this mirror, as we have seen, being to render 
parallel rays convergent, the same principle will render di« 
▼erging rays parallel, and converging rays still more conver- 
gent 

The focus of a concave mirror is the point where the ravs 
are brought together by reflectionr* The centre of concavity 
in a concave mirror, is the centre 'of the sphere, of which the 
mirror is a part In all concave mirrors, the focus of parallel 
rays, or rays falling directly from the sun,bs at the distance 
of half the semi-diameter of' the sphere, or gibbe, of which the 
reflector is a part^ 

fVl^S. Thus, the parallel rays 1. 

% 3, dLc. fig. 142, all meet 

at the point o, which is 

half the distance between 

'^ the centre a of the whole 

'2 sphere, and the surface 

^ - of the reflector, and there- 

\ fore one quarter the dia- 
meter of the whole sphere, 
of which the mirror is a 
part. 

In concave mirrors of 
all dimensions, the re- 
flected rays follow the 
same law ; that is, paral- 
lel rays meet and cross 







each other at the distance of ^ne fourth the diameter of tiie 
sphere of which they are sections^ This point is called the 
principal focus of tlie reflector. '^ 

But if the incident rays are divergent, the focu/will be r&> 
moved to a greater distance from the surface of ihe mirror, 
than when they are parallel, in proportion to their diverffenc^ 

This mi^ht be inferred from the general laws of incidence 
aad reflection, but will be made obvious by fig. 143, where 



What IB the fecug of a concave minor 1 At what distance fW>ni its sur- 
Ihoe iathe focus of parallel rays in this minDrl What is the principal fxm 
•CaoDBcavdniirRirt 
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Fig. 144. 



the diverging rays 1, % 3, 4, form a fo* 

cus at the point o, whereas had they 

been parallel, their focus would have 

been at a. That is, the actual focus is 

at the centre of the sphere, instead of 

I being half way between the centre and 

5 circumference, as is the case when the 

* incident rays are parallel. The real 

focus therefore is beyond, or without 

Ihe principal focus of the mirror. 

By the same 1^, converging rays mil 

form a point^j^thin the principal fo- 

q|is of a mirro] 

Thus, were*the rays falling on the 
mirror, fig. 144, parallel, the focus 
would be at a ; but in consequence of 
their previous .convergency, they are 
brougnt together at a less distance 
than the principal focus and meet at o. 
The images of objects reflected by 
a convex mirror we have seen, are 
smaller than the object^hemselves. 
But the concave mirroiy^when the ob- 
ject is nearer to it than 
the principal focuD pre- 
sents the imageHarger 
than the object, erect, 
and behind the muxor. 

To explain thisflet us 
suppose the object a, fig« 
145, to be placed before 
the mirror, and nearer 
to it than the principal 
focus* Then the rays 
proceeding from the 
extremities of the 'ob- 
ject without interruption 
would continue to di- 
verge in the lines o and 

If the inddent rays are dxreigent, where will be the focus 1 ^ If the inci- 
dent rajB are conveigent, where w31 be the focus ? When will the image 
fiom a oooGave minor be laiger than the object, erect, and behind the mirror 1 
£zplain fig. 145, and show why the image is iaiger than the object. 




fig. 145. 
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«, M seen bdiind the mirror ; bnt by reflection they are made 
to diverge less than before, and consequently to make the an* 
gle under which they meet more obtuse at the eye &, than it 
would be if they contmued onward to e, where they would have 
met without reflection. The result, therefore, is to Tinder 
the image A, upon the eye, as much larger than the objec|^ a, 
as the angle at the eve is more obtuse than the angle at e^ 

On Uie contrary, ^ the object is placed more remote"uom 
the mirror than the principal focus, and between the focus and 
the centre of the spmere of which the reflector is a parOhen 
the ioiage will appear inverted on the contrary side of tfte cen- 

Fig. 146. tre, and farther 

from the mirror 
than the object; 
thus, if a lamp be 
placed obliquely 
before a concave 
mirror, as in fig. 
146, • its image 
will be seen in- 
verted in the air on the contrary side of a perpendicular line 
tlucpugh the centre of the mirror. 

JFrom the property of the concave mirror to form an invert- 
eolona^e of Uie object suspended in the aif^many curious and 
•urprismg deceptions may be produced. vThus, when the mir- 
ror, the object, and the light, are placed so that they cannot 
be seen, (which may be done by placing a screen before Hie 
light, and permitting the reflected rays to pass through a small 
aperture in another screen,) the person mistakes the image of 
the object for its reality, and not understanding the deception, 
thinks he sees persons walking with their heads downwards 
and cups of water turned bottom upwards without spilling a 
drop. Again, he sees clusters of delicious fruit, and when 
invited to help himself, on reaching out his hand for that pur> 

Sose, he finds that the object either suddenly vanishes irom 
is sight, owin^ to his k:.nng^moved his eye out of the propet 
ranffe, or that it is intangibl^ 

This kind of deception nlay be illustrated by any one who 
has a concave mirror only of three or four inches in diameter* 
in the following manner : 

When win the image fram the concave imrror be inverted and befine the 
■anor 1 What mpaty has Uie concave minor by whidi rfngobr deoej^ 
Ikmamaybapnteed? Whi^avs these deeeptknul 
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-^gBppose the tumbler a, to be filled with water, and plaeed 
beyona the principal focus of the concave mirror, fig. 147, and 
80 managed as to be hid from the eye c, by the screen b. The 
lamp by which the tumbler is illuminated must also be placed 
behind the screen, and near the tumbler. To a person placed 
at c, the tumbler ^vith its contents will appear inverted at d 
and suspended in the air. By carefully moving forward, and 
still keeping the eye in the same line with res|)ect to the mir* 
ror, the person may pass his hand through the shadow of th« 

Fig. 147. 




tumbler ; but without such conviction, any one unacquainted 
Mrith such things, could hardly be made to believe that the 
image was not a reality. 

By placing another screen between the mirror and the im- 
age, and permitting the converging rays to pass through an 
aperture m it, the mirror may be nearly covered from the eye, 
and thus the deception would be increased. 

The image reflected from a concave mirror, moves in the 
same direction with the object, when the object is within the 
principal focus ; but when the object is more remote than tlie 
principal focus, the image moires in a contrary direction 
from the object, because/ the rays then cross each othe^ U 
a man place himself directly before a large concave mjrror, 
bat fartner from it than the centre of concavity, he will see an 
inverted image of himself in the air, between him and the 
mirror, but less than himself. And if he hold out his hand 
towards the mirror, the hand of his image will come out to* 
ward his hand, and he may imagine thatlie can shake handa 

Describe the manner in which a tumbler with its contents may be made to 
•eem inverted in the air. Why does the image move in a contrary directioa 
from its object, whfu the object is beyond the pxindpal foeui 1 



*idi hia irawe. Bnl it he recch his hand fbrther tawardm 
thtt niiiTDr, tne hand of the image will pass bj hie hand, sod 
dome between hU band ftnd hii btMly ; and if he more h^ hand 
toward either tide, the hand of the ima^ will more in a con- 
ttwy direction, eo that if the object movea one way the image 
will move the other. 

The concave mirror, baring the property of conrerginj^ th« 
taye of lifht, ia equally efficient in concrntrating the rays at 
hMt, either separately,' or with the liffbt When, therefoivt 
such a mirror ia presented to the rays of the sun, it brings 
them to a focus, so aa to produce degrees of heat in propor 
don to the extent and perfection of its reSectine surface. A 
metallic mirror of this kind, of only four or six inches in dia- 
meter, will fuse metals, set wood on fire, &c. 

As the parallel raya of beat or light are brought to a foctui 
at the distance of one quarter of the diameter of the sphere, of 
which the reflector is a section, so if a luminous Oi' heated 
body be placed at this point, the rays from such body passijig 
to tKeVirror will be reflected from all parts of its surfaces in 

EralTel lines g and the rays so reflected, by the same law, will be 
libght to a* focus by another mirror standing opposite to tlus 



fepoBe a red hot hall to be placed in the principal focw 
nurror a, fig. 148, the rays of heal and light proceed 
ing from it will be reflected/in the parallel lioei 1, 2, 3, 
4cc. The reason of this is tne same as that whiih causes 
pawdlel rays, when falling on the mirror, to be converged to a 
Wa tbi ooouive mirror concentfsle the rajBofheal, MweUMthoM of 
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AeiM. The angles of incidenee being equal to those of reflee- 
don* it makes no difference in this respect, whether the nyh 
pat» to or from the fticus. In one case, parallel incident ntya 
firom Uie sun, are concentrated by reflection ; and in the other, 
incident diverging rays, from the heated ball, are made paral 
lei bv reflection. 

The rays therefore, flowing from the hot ball to the mirror 
«, are thrown into parallel lines by reflection, and these reflect- 
ed rays, in respect to the mirror 5, become the rays of inci- 
dence, which are again brought to a focus by reflectio^ 

Thus the heat of the ball, by bein^ placed in the focus ol 
one mirror, is brought to a focus by me reflection of tlie other 
mirror. 

Several striking experiments may be made with a pair of 
concave mirrors placed facing each other as in the figure. /If 
a red hot ball be placed in the focus of a, and some gun pow- 
der in the focus of 6, the mirrors being ten or twenty feet apart, 
according to their dimensions, the powder will flash by the 
heat of the ball, concentrated by the second mirro^ To show 
that it is not the direct heat of the ball which sets fire to the 
powder, a paper screen may be placed between the mirrors 
until every thing is ready. The operator will then only have 
(o remove the screen, in order to nash the powder. 

To show tliat heat and light are separate principles/plaoe 
a piece of phosphorus in thefocus of 6, and when the Dall is 
so cool us not to be luminous, sremove the screen, and the 
phosphorus will instantly inflamej ^ 

Refraction by Lenses. ^ 

A Len^us a transparent body, generally made of glass, and 
fo shaped that the rays of light in mssing through it are ei- 
iher collected together or dispersed^ Lens is a Latin Word, 
which comes from lentihy a small fl^ bean. 

It has already been shown, that when the rays of light paM 
from a rarer to a denser medium, they are refracted, or bent 
out of their former course, except when they happen to fall ''^^ 
peappndicularly on the surface of the medium. 

Qrhe point where no refraction is produced on perpendicu^. 
lar rays, is called the aaois of the lens which is a right line 

Expliin fiff. 148, and show why the rays from the focus of a are con- 
centrated in toe focus h. What curious eitperinv*nts may be made by two 
concave mirrora plaocil apposite to each other 1 How may it be shown that "* 

beat and light are diiituict pruic plea 1 What is a lens 1 



HviK ihnMigb its centre, and perpendicular to both its wa 
hfxC) ( \ 

In ererv beam nf liglit, Hhe middle rav^s called its ozj^. 

Rays or light are said \o fnil directly uQon a Ien8,(wheti 
their axes roincide with llie axes of the fensj otherwise niejr 
are said tn fall obliquely- 

The point at which the rays of the sun are collected, by 
passing through a Iens,is cnlled the ■principal fucua of that lens, 

Lccuefl are of rarioiiskinds.and have rer^ired certain names, 
dependin)! on their shapes. The dilTerent kinds are shown 
at fig. 14^ 
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A prism, Been at a, has two plane surfaces, a r, and a8,\a 
rhned to each other. 

A jAaiie glass, shown at 6, has two plane surfaces, parallel 
to each other. 

A spherical lens, c, is a hall of glass, and has every part ol' 
' Is surface at an equal distance from the centre. 

A double ctnicarf- lens, d, is bounded by two con.iM:^aurraces 
oppoaile to each other. 

A j)lano-concave lens, e, \a hounded by a convex sur&ce on 
«ie side, anil i plane on the other. 

A double-concave lens, f, is bounded by two concave apheii- 
«) surfaces, opposite to each other. 

A plano-concave lens,g, is bounded by a plane siu-foce OD 
«ne side an<l a concave one on the other. 

A meniscus, k, is bounded by one concave and one convex 
qiherical surface, which two surfaces meet at the edge of the 
I«ns. 

A concavo-conrex lens i, is bounded by a concave and con- 
, Bz siirfa>.c, but which diverge from each other, if continued, 

Whst U the aik of a Ic-ns ? In what irart of a 
■ ri? WhcreistheaxiaufabfamoflightT "" 
1 (tncctl;; upon a l<iii> 1 Hon 
■tia the name oT each 1 Howai 
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The dfects of the prism on the rays of light wiO he shown 
IB anotlier place. Tlie refraction of the plane glass, hends the 
parallel rays of light equally towards the perpendicular} as 
alrc»dy shown. The sphere is not often employed as a tensy 
lince it is inconvenient in use. 

Convex lens. It has been shown in a former part of this 
article, that when* a ray of light passes obliquely out of a 
rarer into a denser mediuni, it is refracted, or turne*d out of 
Its former course. • 

Suppose, then, there is presented to the rays of light, a piece 
of glass, with its surface so shaped, that all the rays, except 
those which pass, through its axis, are refracted towards the 
perpendicular, it is obvious that they would all finally meet 
the perpendicular ray, and there form a focus. 

The focal distances of convex lenses, depend (on their de« 
grees of convexit')^ The focal distance of a single, or plano- 
convex lenaTis the diameter of a sphere, of which it is a seo- 
tion]\ ^ 

^ Fig. isa . If the whole circle^ fig. 

150, be considered the 
circumference of a sphere 
of which the plano-convex 
lens, b a, IS a section, 
then the focus of parallel 
rays, or the principal fo- 
cus, will be at the oppo- 
site side of the sphere, or 
at c. 

The focal distance of a 
double convex lens,(is thct 
fftdius, or half the diameter of the sphere of which it is a party 
Hence the plano-convex lens, being one half the double con- 
vex lens, the latter has about twice the refractive power of 
the former ; for the rays sufi'er the same degree of refraciioa 
in passing out of the one covex surface, that they do in pasfik 
ing into the other. 

On what do the focal distances of co'nvex lenses depend ) What m the lb* 
9ti ^stance of any plano-convex lens 1 What is the focal distance of Um 
doable eoDvez fens 1 What is the shape of tne double oonvez lens < 

15 





f%. UL The diape of the doi^ 

ble cpnvez lens, d e^ fig^ 
161|(is that of two piano 
convex lenses, placed with 
their plane surfaces in 
contact^ and consequently 
the foc&l distance of this 
lens is nearly the centre of 
the sphere of which one of 
its surfaces is a part If 
parallel rays fall on a con- 
vex lens, it is evident that 
die rmy only, which penetrates the axis and passes towanis the 
centre of the sphere, will proceed without refraction, as shown 
tti tl|e above figures. All the others will be refracted so as to 
meet the perpendicular ray at a greater or less distance, de 
pending on the convexity of the lens. 

If diverging rays fall on the surface of the same lens,(Qiey 
will by refraction, be rendered less divergent, parallel, or con 
vergent, according to the deirrees of their divergency, and the 
eonvexity of the surface of Uie lens.) 

Fig. 1S8. Thus, the diverging 

rays 1, 2, dec. fig. 
15% are refracted by 
the lens a o, in a de* 
gree just Hufficient to 
render th€;m parallel, 
and therefore would 
pass off in right 
lines, indefinitely, or 
without ever forming 
# a focus. It is obvious 

fey the same law, that were the rays less divergent, or were 
m anrface of the lens more convex, the rays in hg. 152 would 
kecome convergent, instead of parallel, because the same re> 
finMtive power which would render divergent rays )>arallel| 
would/ nmkejparallel rays convergent /jTnd converging nys 

IIoiwMeAvBfgBiitfaysaiBNtodlijptflfagthiMig^aeoiivex lensl Wail 
oopmkliays? Wlul is its tfleGl «b ooimigli^g layit 
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V|g» 153. Hiusy the pencOs of eonrerpag laya^ 

fig. 153,/1ft?e rendered still more conver- 
geni)by ^eir passage through the leii% 
and are therefore brought to a focus near- 
er the lens, in proportion to their previous 
convergency. 

The eye glasses of spectacles* for old 
peoplfl(are double convex lenses, more or 
less spherical, according to the age of the 
person, or the magnifying power required? 
The common burning glasses, which are used for lighting 
cigars, and sometimes lor kindling fircs^ are also convex len- 
ses. Their effect is to concentrate to a focus, or point, the 
heat of the sun which falls on their whole surface*; and hence 
the intensity of their effects is in proportion to the extent of 
their surfacf^s, and their focal lengths. * a ; 

One of the largest burning glasses ever constructed, wis 
made by Mr. Parker, ofLondon. It wai^three feepin diameter, 
with a focal distance ofTthree feet nine^iiches^ But in order 
to increase its power still more, he employed another lens 
about a foot in diameter, to bring its rays to a smaller focal 
Dpint This apparatus gave a most intense degree of heat, 
(when the sun was clear, so tha^20 grains of ffold were melted 
uy it in 4 seconds, and ten^rains of platina, the most infusible 
of all metals^ in 3 seconds^ 

It has been explained, that the reason why the convex mir- 
ror diminishes the images of objects is, that tlie rays which 
come to the eye from the extreme parts of the object are ren- 
dered less convergent by reflection, from the convex surface^ 
and that, in consequence, the angle of vision is made more 
acute. 

Now, the refractive power of the convex lens has exactly 
tlie contrary effect, since by converging the rays flowing from 
the extremities of an object, the visual angle is rendeieu mora 
obtuse, and therefore all objects seen through it appear mag- 
nified. 



What kind of lemai aie spectacle glaans for old peoide? What is aaid la 
le the diameter of Mr. Paiker^s great convex lens 1 What » tha ibcal db- 
Uuice of this lens t Wha* is sakTofitsheatiqg power 1 What is the visual 
wgfel 
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Fig. 155. 



Vi§»l5L Suppose the object a, fig; 

154, appears to the naked eye 
of the length represented in 
the drawing. Now, as the rays 
coming from each end of the 
object, form, by their conver- 
gence at the ejv, the visual angle, or/the angle under which 
the object is seen^and we call objectsSarge or small, in pro- 
portion as thi^ angle is obtuse or acute, if therefore the object 
be withdrawn further from the eye, it is apparent that^the 
mys 0, o, proceeiling from its extremities, will enter tlie eye 
under a more acute angle, and therefore, that the object will 
ftppear diminished in proporlioift This is the reason why 
things at a distance appear smaller than when near us. When 
near, the visual angle is increased, and when at a distance, it 
is diminished. . 

The effect of the convex lensf is to in- 
crease the visual angle, by bewling the 
rays of light coming from the object, so as 
to make them meet at tne eye more ob 
tusely^ and hence it has the same effect, 
in respect to the visual angles as bringing 
the object nearer the eye. This is shown 
by fig. 155, where it is obvious, that did 
the rays flowing from the extremities of 
the arrow meet the eye without refraction, 
die visual angle would be less, and therefore the object would 
appear shorter. Another effect of the convex lens, is to ena« 
ble U8 to see objects nearer the eye, than without it, as will be 
explained under the article vision. 

Now, as the rays of light flow from all parts of a visible ob 
ject of whatever shape, so the breadth, as well as the length, is 
mereased hy the convex lens, and thus the whole object ap- 
pears magnified. , . 

Concave lens* The effect of the concave lens, is directly 
opposite to that of the convex^ In other terms, by a concava 
lens,/narallel rays are rendered diver^inu, converging rays^ 
haveiheir convergency diminished, and (fiverging rays have 

Why does the mme object, when at a distance, appear smaller than when 
near 1 What is the effect of the convex lens on tne visual an^lc 1 Why 
does an object apputf larger through the convex lens than otherwise ? Whal 
ii the effect of the concave lens 1 What effijct does this fens have upon 
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Fig. 15a 




tB«;{r dirergeney inereased, according to the concavity of the 
feusv 

These glasses, therefore, exhibit things smaller than they 
really are, for by diminishing the convergence of the rays 
coming from the extreme points of an object, the visual angle 
is rendered more acute'^^and hence the object appears diminish- 
ed by this lens, for the opposite reason that it is increased by 
the convex lens. This will be made plain by the two follow- 
ing diagrams. 

(Suppose the object a &, fig. 156, 
to be placed at such a distance 
from the eye, as to give the rays 
flowing from it, the decrees of 
convergence represented in the 
figure, and suppose that the rays 
enter the eye under such an an- 
gle as to make the object appear 
two feet in length. 

Now, the length of the same ob- 
ject, seen through the concave 
lens, fiff. 157, will appear dimin- 
ished, because the rays coming 
from it are bent outwards, or made 
less convergent by refraction, as 
seen in the figure, and conse- 
quently the visual angle is more 
__ aciite than when the same ob- 

ject is seen by the naked eye. Its length, therefore, will ap- 
pear less, in proportion as the rays are rendered less conver- 
gent 

frhe spectacle glasses of short-sis^hted people are concave 
lenses, by which the images of objects are formed further 
back in the eye than otherwise, as will be explained under the 
next article. 

Ftston* 

In the application of the principles of optica to the explan- 
ation of natural phenomena, it is necessary to give a descrip- 
tion of the most perfect of all optical insiniment8,/ihe eye^ 



Pig. 157. 




Why do objeets appear analer thRwb diis giaw than 
M«9re1' ExpbiaifiiiinslS6,andl^uid 
al9aetaiipn»«M!lerdMidilS7. What defect m the eje nqviras 

perfect of all optical insMDnenli 1 

15* 



1 Whatiitha 
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Fig. 156 18 a Tertiau 

dection of the human eye. 
\b form is nearly gloDU* 
lar, wi^ a slight project 
tion or elongation ia^ 
frontN It consists offbur J 
coats', or., membranes ; 
namely, {he «c/^^o/tc, the 
cornea, the dprmd, and 
the retina^ Ut has two 
fluids confined within 

those membrancA, called 

die aqueous, mdjhe vitreous humoursl and one lens, called 
Ae^rysiallinei vThe sclerotic coatas ihi outer and strongest 
membrane, ana its anterior part is well known as the white oi 
tlie eye. This coat is marked in the figure a, a, a, a. It is 
krined to the cornea, 6, ft, which is the transparent mem« 
Dnune in front of the eye, through which we see. The 
choroid coat is a thin, delicate membrane, which lines the 
sclerotic coat on the inside. On the inside of this lies the 
retina^ d,dfd,d, which is the innermost coat of all, and is an 
expansion, or continuation of the optic nerve o^ This e5tpan- 
aion of the optic nerve is the immediate s^^t of vision. The 
irifli o, o, is seen through the cornea, and^s a thin membrane, 
or curtain, of different colours in different persons, and therefore 
ffiyes colour to the eyesu In bhick eved persons it is black, in 
Uue eyed persons it is ^lue, d&c. 'f hrough the iris, is a cir- 
ciriar opening, called the pupil, which expands or enlarges 
when the light is faint, and contracts when it is too strong. 
The anace between the iris and the cornea is called the ante* 
tior chamber of the eye, and is filled with the aaueous humor, 
so caHed from its resemblance to water. Benind the pupil 
and iris b mtuated the crystalline lens e which is a firm and 
perfectly transparent body, through which the rays of light 
M88 from the pupil to the retina. Behind the lens is situated 
w posterior chamber of the eye, which is filled with thtivitrc" 
r MHMTf ««4D. This humor occupies mudi the largest por- 



Whaliatlie form of the human eye 1 How many coats, or membranaL 
hfts Qte-cye 1 What aie they aJUeal How many fluids has the eye, ana 
«hst aw tiNij csHnll What is the femof the eye eattedl WMteott 
4m»«hBirtitta«rihatv«1 DeKiibe where th« aevend coats aad hiMMDi 
«»4il|sled. Whiilid»lib1 What h Iha nliMal WheieiitheaiM» 
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tim of the irfaole ejt, and on U dependa th« ahaps sod p^ 
manency of the organ. 

From the above dcacription of the eyet it will ba easy to 
trace the progress of the raya of light through ita aereral partfi 
■nd to explain in what manner vi^on is performed. 

In doing this, we must keep in mind that the rays of light 
proceed from erery part and point of a viaihle object, ae here- 
tofore stated, and thai it is necessary only for a few of the 
raya, when compared with the whole number, to enter the 
eye, in order to make the object visible. 

Fig- 159- Thus, the object a b, fig. 

159, being placed iu the light, 
sends fortli pencils of rays in 
all possible directions, some 
of which will strike the eye in 
any position where it is risible. 
? These pencils of rays not only 
flow from the points designa- 
ted in the figure, but in th« 
aame manner irom every other 
point on tlie surface of a nsi- 
^ ble object To render an ob- 
ject visible, therefore, il is only 
necessary that the eye shonld 
collect and concentrate a suf- 
ficient number of these rays 
on the retina to form ito 
image there, and from thia 
knafe the seasalion of viiuoa is excited. 
Fig. 16a 




From the luminous body I, fig. 160, the pencils of rays flow 
n all directions, but it is only by those which enter Uie pupil, 
iiat we gain any know ledge of its eristence'; and even theae 

Whuki " 

tai oTtlM imya wb 
«kpi of ag. 159. 
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would convey to the mind no distinct idea of the object* im 
less thpy were refracted by the humours of the eye, for did 
these nvB proceed in their natural state of divergence lo the 
retina,((ne image there formed would be too extensive, and 
consequently too feeble to give a distinct sensation of tb« 
objectj 

It i^ therefore, by the refracting power of the aqueous 
humor, and of the crystalline lens, that the pencils of rays are 
so concentrated as to form a perfect picture of the object on 
the retina. 

We have already seen, that when the rays of light are made 
to cross each other by reflection from the concave mirror, the 
image of the object is inverted ; the same happens when the 
rays are made to cross each other by refraction through a 
convex lens. This, indeed, must be a necessary consequence 
of the intersection of the rays: for as light proceeds in 
straight lines, those rays which come from the lower pan of 
an object, on crossing those which come from its upper part, 
will represent this part of the picture on the upper half of the 
retina, and for the same reason the upper part of the object 
will be painted on the lower part of the retina. 

Now, all objects are represented on the retina in an inverted 
position ; that is, what we call the upper end of a vertical 
object, is the lower end of its picture on the retina, and so the 

This is readily proved b3rtaking the eve of an ox, and cut- 
ting away the jderOtkr coat,Vso as to make it transparent on 
the back part, next the v:;reons humoi. If now a piece of 
white paper be placed on this part of the eye, the images of 
objects will appcir figured on the paper in an inverted position. 
The same efiect will be produced on looking at things through 
an eye thus prepared ; mey will appear invertecD 

Why would not the rays of light give a (fifttnct ulea of the olycrt wMMnt 
lefradion by the hamori of the eye? Explain how it is that the tmages of 
•Meets are inverted on the retina. What experiment pwws that tho i mnf w 
sr objeeli are inveited on the retina 1 
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F%.161. ^e actiid 

position of tht 
vertiral object 
a, fig. 161, as 
painted on the , 
^ retina, is there- 
fore such as is 
represented by 
the figure. The 
rays from its 

upper extremity, coming in divergent lines, are converged 
by the crystalline lens, and fall on the retina at o ; while 
those from.its lower extremity, hy the same law, fall on the 
retina at cj 

f^n oi"der that vision may.be perfect, it is necessary thjU the 
images of objects shouhl be formed precisely on the retina/and 
consequently, if the refractive power of the eye be too Small, 
or too great, the image will not fill exactly on the seat of vw 
ion, but will be formed either before, or tend to form behind 
it. In both cases, perhaps, an outline of the object may be 
visible, but it will be confused and indistinct. 

If the cornea is too convex, or prominent, the image will be 
formed/'Gcfore it reaches the retina, jfor the same reason, that 
of two^nses, that which is most convex will have the least 
focal distance. Such is the defect in the eyes of persons who 
are short sighted, and hence the necessity of their bringing ob« 
jccts as near the e3'e as possible, so as to make the rays converge 
at the greatest distance behind the crystalline lens. 

The effect of uncommon convexity in the cornea on the 
rays of light, is shown at fi^. 162, where it will be observe % 
^ ^ ^Fig. 162. 




that the image, instead of being formed on the retina r» w 

Explain fig. 16f. Suppose the Tefracttve power of the eye it too great or 
IDC tittle, why will viaion be imperfect 1 If the cornea ie too convex^ what 
<vin the imaipbe fofOMfll 
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•mpended in the vitreous humour, in consequence of thero 
being too great a refractive power in the eye. It is hardfy 
necessary to say, that in this case, vision must be very imper 
fectiv performed. — 

This defect of sight ^is remedied by spectacles, the glasses 
of which are concave len^e^ Such g1a8ses^1)v renderhig tlie 
rays of light less convergent, before they reai^frthe eye, coun- 
teract the too great convergent power of tlie cornea and lenst 
and thus throw the image on the retina) 

If^ on the contrary, the humours of «fhe rye, in consequence 
of age or any other cause, have become less in quantity than 
ordinary, the eye ball will not be suflSciendy distended, am! 
the cornea will become too flat, or not siiffiriently convex^ to 
mak^.the rays of light meet at the proper place, and the im- 
affe;%vill therefore tend to be formed beyond the retinay instead 
of ^fore it, as in the other case. Hence aged people, who 
bbor under this defect of vision, cannot see distinctly at oidi- 
nary distances, buf are obliged to remove the object as fiur 
from the eye as possible, so as to make its refractive power 
bring the image within the seat of vision^ 

The defect arising from this rause is represented by fifnire 
103« where it will be observed tliat the image is formed bcLind 

Fig. 163. 




the retina, showing that the convexity of the cornea is not 
sufficient to bring the image within dic'seat of distinct vision. 
This imperfection of sight is common to aged persons, and is 
corrected in a greater or less degree by double convex lenses, 
such as the common spectacle glasses. Such glasses,^y ^us* 
ing die rays of li^t to converge, before they meet ther eyaas- 

How it the aght improwd when the cornea is too oomrex 1 How do socli 
isosee act to fauprove the nghtl Wheie do the mye trad to meH when the 
«oniea is not raffickmay convex 1 How is vision asnstpd when Uie eyt 
wuteomvezi^? How do oonvex lenses help the svlit of aged peopbt 
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liil Ae reimctive power of the ciystalline lens, and thus brinf 
llie IbcuSy or imager within the sphere of vision. 

It has been considered difficult to account for the reasoK 
why we sef objects erect, when they are painted on the retina 
uiTerted, and many learned theories hsve been written to ex* 

Elain this fact. But it is most probable that this is owing to 
abit, and that the image, at the bottom of the eye, has no re> 
htion to tlie terms above and below, but to the position of our 
bodies, and other things which surround us. The term /»r- 
ffendiculart and the idea which it conveys to the mind, is 
merely relative ; but when applied to an object supported !^ 
the earth, and extending towards the skies, we call the body 
erect because it coincides with the position of our own bodies, 
and we see it erect for the same reason. Had we been taught 
to read by turning our books upside down, what we now ^1 
the upper part of the book would have been its under part, 
and tnat reading would have been as easy in that position as 
in any other, is plain from the fact that printers read their 
type, when set up, as readily as they do its impressions on 
paper. 

Angle of Vision, The angle under which the rays of light, 
coming from the extremities of an object, cross each other at 
the eye, bears a proportion directly to the length, and inverse- 
ly to the distance of the object. 

; ouppose the object a, by fig. 164, to be four feet long, and 
to be placed ten feet from the eye, then tlie rays flowing from 

Fi2. 164. 




ka extremities, would intersect each other at the eye, under a 
giTen angle, which will always be the same wheri the olijaal 

'Why do we see thinsi erect, when the imsget ane unarted on tho latfaal 
Wha is ths visoal anipe 1 
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fa at the same distance. If the object be gradually meved to- 
wards the eye, to the place c d^ then the ande will be sradn- 
ally increased in quantity, and the object will appear mrger, 
nm^e its image on the retina will be increased in length in the 
proportion as the lines t i arc wider apart than o o. On the 
contrary, were a h removed to a greater distance from the 
first position, it is obvious that the angle would be diminished 
in proportion. 

The lines thus proceeding from the extremities of an object, 
and representing the rays of li^ht, form an angle at the ejre, 
which is) called Sie visual angles or the angle under which 
things are seen. The lines a n b therefore form one visual 
angle, and the lines end another visual angle. 

We sec from this investigation, that the apparent magnitude 
of objects depending on the angles of vision, will vary accord- 
ing to their distances from the eye, and that these magnitudes 
diminish in a proportion inversely as their distsinccs increase. 
We learn also, from the same principles, (hat objects of dif- 
ferent magnitudes may be so placed, with respect to the eye, 
as to give the same visual angle, and thus to make their appa- 
rent magnitudes equal. Thus the three arrows a, e, and m 
though Jifie^ing so much in length, are all seen under the same 
visual angle. 

In the apparent magnitude of objects seen through a lens 
or when their images reach the eye by reflection from a mir- 
ror, our senses are chiefly, if not entirely guided by the angle 
of vision. In forming our judgment of the sizes of distant 
objects, whose magnitudes were before unknown, we are also 
guided more or less by the visual angle, though in this case 
we do not depend entirely on the sense of vision. Thus if we 
see two balloons floating in the air, one of which is larger than 
the other, we judge of their comparative magnitudes by the 
difference in t6eir visual angles, and of their real magnitudes 
by the same angles, and the distance we suppose them to be 
from us. 

But when the object is near us, and seen with the naked 
eye, we then judge of its magnitude by our experience* and nc^ 
■— ^■— ^— ^— ^— ^— -^^-^-. — ^— ^^— — — 

How may the \isual angle of the same object lie increased or diminished'l 
Wlien do objects of difierent magnitudes form the same visual angle 1 KX" 
|)lain fig. 164. Under what circumstances is our sense of vision guided eD- 
liicly by the visual angle ? Uow.«do 'We jud^ of the maffnitudes of dSftanl 
aljecU 1 How do we judge of the bomparattve size of olijects near usl 
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ci*ii<H by the yAsml «ii^e. Thus, the three ftirowsy a, t^ m^ 
if* 164, all of them make the same angle on the eye, and yei 
we know by fttrther examination, that Qiey are all of diilerent 
lengths* And so the two arrows a by and c d, though seen im» 
der different visual angles, will appear of the same size, because 
experience has taught us that thin difference depends only mi 
the comparative distance of the two objects. 

As the visual angle diminishes inversely in proportion as 
the distance of the ob|ect increases, so/(^nen me distance i 
so greal as to make the angle too minutVto be perceptible to 
the ciyeS then the object becomes invisible. Thus, when we 
watch VI eagle. Hying from us, the angle of vidon is gradually 
diminished, until the rays proceeding from the tnrd form an 
image on the retina too small to excite sensation, and then we 
say, the eagle has flown out of sif^ht 

The same principle holds with respect to objects which are 
near the eye, but are too small to form an image on the retina, 
which is perceptible to the senses. SucJM>bjects to the naked 
eye, are of course invisible, but when me visual angle is en- 
large^ by means of a convex lens, they oecome vidlble ; that 
is, Jhfir images on the retina excite sensation. 

Q3)e actual size of an image on the retina, capable of exci« 
ting sensation, and consequently of producing vision, may be 
too small for us to appreciate by any of our other senses ; for 
when we consider how much smaller the image must be than 
the object, and that a human hair can be distinguished by the 
naked eye at the distance of twenty or thirty feet, we must 
suppose that the retina is endowed with the most delicate sen- 
sibility, to be excited by a cause so minute. It has been es- 
timated that the image of a man, or the retina, seen at the dis- 
tance of a mile, is not more than the five tliousandth part of 
an inch in length!^ 

On the contrary, if the object be brought top near the eye, 
its image becomes confnse<i and indistinct, (Vecause the rays 
Hewing from it, fall on the crystalline lens in a state too diver- 
gent to be refracted to a focus on the retina^ 

*Vben does a, retreating object become inviable to the eye 1 How does a 
coDvez fens act to make us see objects which are invisihte without it 1 What 
(•■bdof the actual sise of an image on the nfinal Why an objeds indBs- 
^kuA, when bnNwht too near the ey»1 

W 



Its rtsioif. 

Rk- Itt. ThU will be apparent }>y 

fig. 186, where we eupposa 
that the object a, ia broufhl 
within an inch or two of the 
eye, and that (he rayB pro- 
ceeding from it enter thepu- 
pil so obliquely as not to be 
refracted by the lens, go as 
to form a distinct image. 
Could we see objects dis- 
1 re should be able to examine 

, ;e the Tisual angle would then 

be increased, and consequ^tly the image on the retina en- 
larged, in proportion as objects were brouffht near the eye. 
Thia is proved(by intercepting the most divergent rays] in 
iriiich case an object may be broueht near the e^e, amfwil] 
then appear greatly magnified. Mase a small orifice, as a pin- 
nole, tnrougn a piece of dark colored paper, and then look 
through the orifice at small objects, such as ibe letters of a 
printM book. The letters will appear much magnified, 'pie 
rays, in this case, are refracted to a focus, on Uie retina,Qie- 
caiue the small orifice prevents those which are most divergent 
from entering the eye, ao that notwithstanding the nearness 
of ths object, the rays which form the image are nearW 
parallel. 

9pH4»i Jtigtruments. 

Single Microscope. The prinupte of the b 
scope, or convex lens, will be readily understooc . 
will remember what has been said on the refraction of lenses, 



I lens, will be readily understood, if the pupil 
irhat has been said on the refraction of lenses, 
with the facta just stated. For, the reason why 
objects appear magnified through a convex leus, is not only 
b^use the visiul angle is increased, but^because when 
brou^t near the eye, Uie diverging ravs from the object are 
m>d»ed parallel t^ the.len^ and are tAus thrown into a con- 
(Htion to be bron^t to a focus in the proper place by the hu- 
mors. 

SnpiMn obJMti oould be nn iliitineth within ui inch or two of the sre 
Ikot wodd then dioMnnisw Ix aSntcd 1 How ii itpTOMd that obiec^ 
MU^ «TB »B BMgnlfiadt Bow don a aaalToitfica aubbiH to (m 
M oUsst (Mbcdj nmr Uw tyt Wkj lota a agavn Um maka an cUmI 
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F%.166. gLet o, fig. 106, 

be the dklMiee al 
which an object 
can be seen dia- 
tincUy, and ft, the 
distance at which 
thesameoljjectis 
seen through the 
lens, and suppose 
the distance of a, from the eye, be twice that of h. Then, be« 
cause the object is at half the distance that it was before, it 
will appear twice as large ; and had it been seen one third, 
one fourth, or one tenth its former distance, it would have 
been magnified three, four, or ten times, and consequently its 
surface would be increased 9, 16, or 100 times^ 

The most powerful single microscopes are inade^of minute 
fflobules of glass, which are formed by meltmg the ends of a 
few threads of spun glass in a candley Small globules of 
water placed in an orifice through a piece of tin, or other thin 
substance, will also make very powerful microscopes. In 
these minute lenses, the focal distance is only a tenth or 
twelfth part of an inch from the lens, and therefore the eye, 
as well as the object to be magnified, must be brought very 
near the instrument ^ 

The Compound Microscope consists of Qwo convex lenses,) 
by one of which the image is formed within the tube of the 
instrument, and by the other this image is magnified, as seen 
by the eye ; so that by this instrument the object itself is not 
seen, as with the single microscope, but we see only its mag- 
nified image. 

(The small lens placed near the object, and by which its 
image is formed within the tub^ is called the object glassj 
^hile the larger o^e, through 'which the image is seen, is 
called the eye glass J ^ 

This arrangement is represented at fig. 167. ^he object a 
is placed a little beyond the focus of the objebt glass ft, by 
which an inverted and enlarged image of it is formed within 
the instrument at c. This image is seen through th^'eye 



Explain fie. 166. How are the moet powerful onde mioKMoopes madel 
How many knaes ibrm the oHnnmnd microfloope 1 Wluch is the object and 
wliicli the eye glaael b the oqject seen with this inatnnnent, or only ito 
nnage? 




gtuis d, by which it is again ma^ified, and it is at last figured 
on the retina in its original posiliiw 

These glasses are. set in n case of brass, the object glass be- 
ing made to lake out, so that others of diflerent maemfying 
powers rc.ay be used, as occasion requires. 

The Solar Microscope consists of^valenses, one of which is 
called the condensr rjjjecause ii is eiTi)>toyed to concentrate the 
nys of the suDj^tn order to illuminate more strongly ihc object 
to be magnified^ ^he other is a duiilile convex tens, of con- 
mlemblc magniryinr poiver, by which the imnge is formed. 
In addition to these lenses, there is a plain mirror, or piece of 
common looking-glass, which can be moved in any direcUoDi 
and which relleuts the rays of the sun on the condensei^ 



The object a, fig. 188, beirtg placed nearly in the focus of 
Ac condenser 6, is 8tro"gly illuminated, in consequence of tli« 
nys of the sun being thrown on b, by the mirror c. The ob- 
ject is not placed exactly in the foe of the condenser, be- 
CUHe, in most cases, it would be soon lestroyed by its heat. 

ExiiiuD fle. IC7, mJ "hDw where the ir.-ae" i» fomieJ in thii tube. Ho# 
^aa kwe* liaJ the Bular microicopi! ! Why t» one of the lenaei of tb* 
c mOscI the covkM0 1 Ocscrifae thi uan of the two I w ats 
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tAd becanse die focal point would illnininate only a small 
extent of sur&ce, but may be exactly in the focus of the small 
lens dj by which no such accident can happen. The lines o a* 
represent the incident rays of the sun, which are reflected on 
the condenser. 

When the solar microscope is used, the room is darkened, the 
only light admitted beins that which is thrown on the object 
by the condenser, which light passing through th^ small lens, 
gives the magnified shadow e, of the small object a, on the 
wall of the room, or on a screen. The tube containing the 
two lenses is passed tlirough the window of the room, the re- 
flector remaining outside. 

In the ordinary use of this instrument, the object itself is 
not seen, but only its shadow on the screen, and it is not de- 
signed for the examination of opaque objects. 

When the small lens of the solar microscope is of great 
ma^ifying power, it presents some of the most striking and 
cunous of. optical phenomena. The shadows of mites from 
cheese, or figs, appear nearly two feet in length, presenting an 
appearance exceedingly formidable and disgustmg ; and the 
insects from common vinegar appear eight or ten feet long, 
And in perpetual motion, resembling so many huge serpents. 

Telescope, The telescopelis an optical instrument, employ- 
ed to view distant bodies, anct, in effect, to bring them nearer 
the eye, b^ increasing the apparent angles under which such 
objects are see^ 

These instrtunents are of !two kinds, namely, refractinffj 
and reflecting telescopes^ i In the first kind, the image of the 
object is seen with the eye directed towards it ; in the second 
kind, the imaffe is seen by reflection from a mirror, while the 
back is towards the object, or by a double reflection, with the 
face towards the object^ 

The telescope is the most important of all optical instru- 
ments, since it unfolds the wonders of other worlds, and. gives 
us the means of calculating the distances of the heavenly bo- 
dies, and of explaining their phenomena for astronomical and 
nautical purposes. 

The principle of the telescope will be readily comprehend- 
ed afler what has been said concerning the compound micro- 
scope, for the two instrument^differ chiefly in respect to the 

bthe object-, or cmlv the shadow, seen by this instrumentl What is a 
telesoopel How many kindB of teSesoidpes are mentioned^ What is the dlS^ 
feienoe between them 1 In what vespect does the refracting teleioope dlffiit 
fioni the ooinpomd nacranope 1 

16* 
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phee of Ae oUect lens, that of the microflcope ha?f Q| a rfiott. 
frhfle that of the telescope has a long, focal distanc^ 

Rtfracfing Telescope, The most simple refractm^ teles- 
•eope^onsists of a tnbe, containing two conrex lenses^ die one 
hano/r a long, and the oUier a short, focal distance. ) (Thci 
fecal distance of a double convex lens, it will be remembered, 
is nearly the centre of a sphere, of which it is a part.) These 
two lenses are placed in the tube, at a distance from each 
other equal to the sum of their two focal distances* 

Fig. lea. 




Thus, if the focus of the object glass a, fig. 169, be eischt 
faielies, and that of the eye fflass h two inches, then the dis- 
tance of the sums of the foci will be ten inches, and, .there*- 
fore, the two lenses must be placed ten inches apart; and the 
same rule is observed, whatever may be the focal lengths of 
any two lenses) 

Now, to understand the effect of this arrangement, «mppose 
the rays of light, c d, coming from a distant object, a^ a star, 
to fall on the object glass a, in parallel lines, and to be refract- 
ed by the lens to a focus at e, where the image of the ««tar will 
%e represented. This image is then magnified by (he eye 
glass o, and thus, in effect, is brought near the eyey 

All that is efiected by the telescope, therefore, is4o fn»«n an 
image of a distant object, by means of the object ien< and 
then to assist the eye in viewing this image as nearly a« pos- 
sible by the eye lens. 

It is, however, necessary here to state, that by the t^^t 
figure, the principle only of the telescope is intended to be ex- 
]Mained, for in the common instrument, with only two glasses* 
the image appears to the eye inverted. 

The reason of this will be seen by the next figure, where the 
direction of the rays of light will show the position of the image. 

Htwfothe nuMl waiife nfnctiiig teleocope formed 1 Which is the object, 
•ad whidi the eye leiw, in fif. 1607 What » the rofe by which the dkteiioa 
aftitotwoglaiflesmil istaadi Howdotbatwo gU»Nsact,t9teiiv •» 
■li } e ct near the eye f 
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(Suppose a, fig. 17D, to be a distant object, from which pencils 
of rays flow from every point toward the object lens b. The 
image of a, in consequence of the refraction of the rays by 
the object lens, is inverted at c, which is the focus of the eye 
glass Of and through which the image is then seen, still in* 
vertedT 

The inversion of the object is of little consequence when 
the instrument is employed for astronomical purposes, for 
since the forms of the heavenly bodies are spherical, their po* 
sitions, in this respect, do not affect their general appearance. 
But for terrestrial purposes, this is manifestly a great defect,, 
and therefore those constructed for such purposes, as ship, or 
spy glasses/liave two additional lenses, by means of which, the 
images are nlBde to appear in the same position as the objects^ 
These are called double telescopes. 

Fig. 171. 




/Such a telescope^ represented at fig. 171, and consists of 
air^ject glass a, and three eye glasses, 5, c, and d. The eye 
glasses are placed at equal distances from each other, so 
tnat the fbcus of one may meet that of the other, and thus the 
image formed by the object lens, will be transmitted through 
the other three lenses, to the eye. The rays coming from the 
object 0, cross each other at the focus of the object lens, and 
thus form an inverted image at /. This image being also in the 

Rrphtn fig. 170^ and diow how the objject oomeg to be inverted by the 
two lenaefl. How m the invenion of the object oonected 1 Explain fig. 171, 
and show why the two additimfcal lenses nuie the imafs of the eljaet 
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focus of the first eye fflass, &, the rays hairing passed through 
this glass become parulel, for, we have seen, in another place* 
that diverging rays are rendered parallel by refraction through 
a convex tens. The rays, theretore, pass parallel to the next 
lens, c, by which they are made to converge, and cross each 
other, and thus the image is inverted, and made to assume the 
original position of the object o. Lastly, this image, being in 
the focus of the eye glass <2, is seen in the natural position, 
or in that of the objecU 

The apparent magmtude of the object is^^ changed by 
these two additional glasses, but depends, as inng. 170, on the 
magnifying power of the eye and object lenses; the two glasses 
being added merely for the purpose of making the image ap- 
pear erect 

It is found that an eye glass of very high magniMng pow- 
er cannot be employed in the refracting telescopeyfbecause it 
disperses the rays of light, so that the image becomes indis- 
tinct^ Many experiments were formerly made with a view t€ 
obviate this difficulty, and among thes^it was found that in- 
creasing Ijhe focal aistance of the object lens, was the mosi 
efficacious^ But this was attended with great inconvenience, 
and expend, on account of the length of tube which this mode 
required. These experiments were, however, discontinued, 
and the refracting telescope itself chiefly laid aside for astro- 
nomical purposes, in consequence of the discovery of the re- 
flecting telescope. 

Reflecting Telescope^ The common reflectinj? telescope 
consists of a large tubeT containing two concave reflecting mir- 
rors, of different sizes^and two eye glassesJ The object is 
first reflected from the large mirror to the smml one, and from 
the small one, through the two eye glasses, where it is then 
seen. ^^ 

In comparing the advantages of the two instrumentiL it need 
only'Be stated, that the refracting telescope, with a focsiHbn^h 
of a thousand feet, if it could be used, would not magnify dis- 
tinctly more than a thousand times, while a reflectinff telescope, 
only eight or nine feet long, will magnify with distinctness 
twelve hundred times.) 

Does the addition of these two lenses make any difierence ^th the appa- 
rent ma^itude of the object 1 Why cannot a highly magnifying e^ glass 
be used m the telescope f What is the most efficacious means ofincfeasing 
the power of the refracting telescope 1 How many lenses and mimNBi finm 
the reflecting teleacopel What are the advantages of the xefleetiiig mm lbs 
ttfiracting teiesoopel 




I^e principle and constnictioiv of the reflecting telescope 

• win be understood by fig. 172. (Suppose the object o to be at 
such a distance, that the rays of light from it pass iii parallel 

" lines, p, p, to the great reflector, r, r. This reflector being 
^ concare, the rays are converged by reflection, and cross each 

• other at a, by which the image is inverted. The rays then 
' pass to the small mirror, 6, which being aho concave, ihev are 
' thrown back in nearly parallel lines, and having passed the 

aperture in the centre of the great mirror, fall on the plano-con- 
vex lens e. By this lens they are refracted to a focus, and 
cross each other between e and d, and thus the image is again 
inverted, and brought to its orignal position, or in the position 
of the object. The rays then, passing the second eye glass^ 
form the image of the object on the retina^ 

The large mirror in this instrument is fixed, but the simll 
one moves backwards and forwards, by means of a 8crew(^ 
as to adjust the image to the eyes of diflferent persooa 
Both mirrors are made of a composition, consisting of several 
metals melted together. 

One great advantage which the reflecting telescope possess- 
es over the refracting, appears to be,^hat it admits of an eye 
glass of shorter ({^an distance, and consequently, of greater 
magnifying powey The convex object glass of the refracting 
instrument, does not form a perfect image of the object, since 
some of the rays are dispersed, and others colored by refirac- 
ddn. This difficulty does not occur in the reflected image 
'from the metallic mirror of the reflecting telescope, and conse- 
quently it may be distinctly seen, when more hignly magnified 

Thejnstrument just described is called " Gregory* s teles' 
eope,'(nbecause^8ome parts of the arrangement were invented 
by Dr. Gregor]^ 






Exj^lain fig. Vl5, and show the course of the rays firom the object to the eye. 
Why IS the mnall mirror in this instrument made to move by means of a anew t 
What is the advantage of the reflecting tele9CO{)e in resoect to the eye |^a«1 
Why Is the telescope with two reilecton called Gv^iy • telescope I 



In die teleseope mtdeby Dr. Henchel» the objed is nAtcU 
ed by ft mirror, as in that of Dr. Gregory. But (the second, 
or small reflector, is not employed, the image being seen 
through a convex lens, placed so as to maffnify^ the image of 
the large mirror,vSO that the obserrer stands with his back to> 
wards 3ie objecy 

The magnifying power of this inslarument is the same as 
that of Dr. Gregory's, but the image appears brighter, because 
there is no second reflection ; for every reflection renders the 
image fainter, since no mirror is so perfect as to throw back 
all uie rays which fall upon its surface. 

In Dr. ^erschel's grand telescope, the largest ever con- 
structed/ the reflector was 48 inches in diameter, and had a 
focal distance of 40 feet.) This reflector was three and a halt 
inches thick, and weight 2000 pounds. Now, since the fo- 
cus of a concave mirror is at the distance of one half the semi- 
diameter of the sphere, of which it is a section. Dr. Herschel's 
reflector having a focal distance of 40 feet, formed a part of 
a sphere of 160 feet in diameter. 

This great instrument was begun in 1785, and finished four 
years afterwards. The frame by which this wonder to all as- 
tronomers was supported, having decayed, it was taken down 
in 1822, and another of 20 feet focus, with a reflector of 18 
inches in diameter, erected in its place, by Herschel's spn. 

The largest Herschel's telescope now in existence Qs that 
of Greenwich observatory, in England!) This has a concave 
reflector of (15 inches in dianieter, with a focal length of 25 
feet, and was erected in 1820^ 

Camera Obscura, Camera obscure strictly signifies a dark- 
ened chamber, because the room must be darkened, in order 
to observe its effects. ^ 

To witness the phenomena of this instrumentjQet a room be 
closed in every direction, so as to exclude the u^ht. Then 
from an aperture, say of an inch in diameter, admit a single 
beam of light, and the images of external things, such as trees, 
and houses, and persons walking the streets, will be seen 
inverted on the wall opposite to wnere the light is admitted, or 
on a screen of white paper, placed before the aperture. ) 

How does this instnimeiit difler from Dr. Henchers telesoope? What * 
was the focal distance and diameter of the minor in Dr. Herscnel's great 
telescope 1 Where is the largest HerBcheFs telemsoipe now in existence 1 
What IS tiie diameter and focid distance of the reflector of this telescoped 
Describe the phenomena of the camera obecora. 
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^}ie re»son why the image is inverted, will be obvioos, 
wben it is remembered that the rays proceeding from the 
extremities of the object must converge in order to pass 
through the small aperture ; and as the rays of liffht always 
proceed in straighl lines, they must cross each oUier at tae 
point of admissioiy as explained under the article Vision, 

Thus the pen- 
cil Oy tig. 173, 
coming from the 
upper part of the 
tower, and pro- 
ceeding straight 
will represent 
theima^eofthat 
part at % while 
the lower part 
c, for the same 
reason wiU be 
represented at d. If a convex lens, with a short tube, be pla- 
ced in the aperture through which the light passes into the 
room, the images of things will be much more perfect, and 
their colors more brilliant 

This instrument is sometimes 
employed by painters, in order 
to obtain an exact delineation oi 
a landscape, an outline of the im- 
age being easily taken, with a 
pencil, when the image is 
thrown on a sheet of paper. 

There are several modifica 
tions of this machine, and among 
them the revolving camera olh 
sairft is the most interesting. 
Mt consists of a small house, 
fig. 174, with a plane reflector, 
a 6, and a convex lens, c &, pla- 
ced at its top. The reflector is 
fixed at an angle of 46 degrees 
wi& the horizon, so as to i^ect 




Why is the fanage fcniMd by the eameni obaeora invvitedl How may aa 
flvUfaie of the imege Ibrmed by the camefa obeciora be taken 7 Deicribe ifas 
Mvonini^ caoMfa obseinra. 
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e nya of light perpendicularly tlownwards, niul is made to 
.volve <]uite around, in cilher directiun. by piiHing a atrinff. 
Now suppose the small houac tt> be placed in the open &, 



with the mirror a b, inmcd towards the cast, then the rays ot 
U^ht flawing Trom the objecta in that dtrection, will strike the 
mirror in the direction of the lines o, and be reflected down 
throurli the convex tens c b, to the table e e, where they will 
form in minialitre a most perfect and beautiful picture of the 
landscape in that direction. Then by making the reflector 
revolve, another portion of the landscape may be seen, and 
thus the objects in all directions can be viewed at k wilhonl 



The Magic Lantern. The Mqgic Lantemfts a microscope, 
on tlie same nrinciple as the solar microscopy But insleul 
of being- use<t to magnify natural objectK,Ql is commonly em- 
ployed tiir amusemeni, by casting the BhEtdows of small trana 
parent paintings dune ou glass, upon m screen placed at a pro 
per distance^ 



(ube, 10 that itslightmaypaas through the plano-convex lensii, 
and strongly illuminate the object u. This object is generally t 
mnail transparent painting on a slip of glass, which slides 
through an opening in t)ie tube. In order to show the figures in 
the erect position, uiese paintings are inverted, since their sht- 
dowa are again inverted by the refrectiiin of the convex leiw ■■ 
In some of these instrunienta, there is a concave mirror, 4, 



by which the object, o, is more strongly iUuminaled (hao it 
would be by the lamp tJunc. The object is magnified by ih* 
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ionUe eooTcx lens, m, wMnh is moreable in the tube by a 
screw, so that its focus can be adjusted to the required dis- 
tance. Lastly, there is a sr-een of white cloth, placed at the 
proper distance, on which the Unage, or shadow of the pic- 
ture, is seen greatly magnifiedJ 

Tlie pictures, being of various colors, and so transparent, 
that the light of the lamp shines through them, the shadows 
are also of rarious colors, and thus soldiers and horsemen 
are represented in their proper costume. 

ChromaHcSf or the philosophy of Colors. 

We have thus far conndered light as a simple substance, 
and have supposed that all its parts were equally refracted, in 
its passage through the seyeral lenses described! But it will 
now be shown mat light is a compound body, and that 
each of its rays, which to us appear white, is composed of 
several colors, and that each color suffers a different degree 
of refraction, when the rays of light pass through a piece ot 
glass, of a certain shape. 

The discovery, that light is a compound substance, and 
thapt may be deconmos^, or separated into parts, was made 
bj^ir Isaac Newton/ 

m a ray, proceeding from the sun, be admitted into a dark* 
eiwd chamber, through an aperture in the window shutter 
and allowed to pass through a triangular shaped piece of fflass, 
called a prisma the liffht will be decomposed, and instead of a 
•|K)t of white light, there will be seen on the opposite wall, a 
most brilliant dispW of colors, including all those whidi are 
4een in the rainbow/ 

' Fig. 17& 




Who made the ^Baoovery that light is a oomptiand aabataiieel In what- 
tfuuiner anil by what meaiUj is fight decompoaod ? 

17 



Snppotn $r 6g, 178i to be • n^ from th0 mm, idaiilltd 
diroi^ the wioaow shutter a, in such adiredaoans tofali on 
the ioor at c* wh^e it would fonn a roand, white spot Now* 
on interposing the prism p^ the ray will be refracted, a&d at the 
same time decomposed, and will form on the screen m n, an 
•blong figure, containing seven colors, which will be situated 
oi respect to each other, as named in the figiu«. 

It may be observed that of all the colors, fthe red is leasi 
ffefracted, oris thrown the smallest distance from the direc- 
tion of the original sun beam, and that the violet is most re- 
fracted, or bent out of that direction^ 

The oblong image containing the colored rays, is called 
fbe sotar or prismatic spectrum. 

That the rays of the sun are composed of the seven colprs 
above named, is sufficiently evident by the &ct, that such a 
ray is divided into these several colors by passing through 
the prism, but in addition to this proof, it is lound by experi- 
ment, Umt if these several colors be blended or mixed togelJi 
erA^hi^will be the result 

This^ay be done by mixing together seven powders, whose 
colors represent the prismatic cofi>rs, and whose qwailtities are 
Co each other, as the spaces occupied by each color in the 
spectrum. When this is done, it will be found that the re- 
sulting ecAoT will be a greyish white. A still more satis&ctory 
proofthat tliese seven colors form white, when united, is ob- 
tained by causing the solar spectrum to pass through a lens, 
by which they are brought to a focus, wnen it is found that 
me focus^wilJ be the same color as it would be from the 
original rays of the suiy ^ 

(Trom the oblong shitpe of the solar spectrum/ we learn that 
•ach of the colored rays is refracted in a different degree by 
passing through the same medium, and consequently mat each 
ray has a refractive power of its own. Thus from the red to 
the violet, each ray m succession, is refracted more than the 
other. 

The prism is not the only instrument by which light can be 



What aie the piismatic colors, and how do they treocced eadi other m th« 
speruum? Which color is refracted most, and which least 1 When the se- 
veral prismatic colors are blended, what cdor is the result 1 When the solar 
spectrom is made to pass through a lens, what is the color of the ibcusi 
How do we learn that each cobred ray has a refractive power of its own t 
By. y' hal otlwr mMawbeskifl thepBan, can tfaa niv% if light bedeooniposeci t 
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posing that the sides of the bubble varv in duckirass, and 
chat me rays of light are decomposed by these Tariatioos* 
The unequal surfa<ce of mother of pearl, and many other shdky 
tsend forth colored rays on the same principle. 

jHTwo surfaces of polished glass, when pressed together, wiM 
9m6 decompose the light/ Kings of ccdored light will be ob- 
served round the point of contact between the two sur&ces^ 
and their number may be increased or diminished by the 
degrees of pressure. Two pieces of common looking glass, 
pressed together with the migers, will display most of the 
pii^atlc colors. 

A. variety of substances, when thrown into the fonn of the 
trmngular prism, will decompose the rays of light, as well at 
a prism of glass. A very common instrument tor this purpose 
is made by putting together three pieces of plate ^ass, in 
form of a prism. The ends may be made of wood, and die 
edges cemented with putty, so as to make the whole water 
tight When this is filled with water and held before a sub 
beam, the solar spectrum will be formed, displaying tl\e same 
co}prs, and in the same order, as that above describejp 

An making experiments with prisms filled with different 
kmSs of liquids, it has been found that one liquid will make 
the spectrum longer than another ; that is, the red and violet 
rays, which form the extremes of the spectrum, will be thrown 
fiirther apart by one fluid, than by anoJjier J For example, if 
the prism be filled with oil of cassia,(1^e Efpectrum formed l^ 
it will be more than twice as long as that formed by a prism 
of solid glassy The oil of cassia is therefore said to disperse 
the rays of light more than glass, and hence to have a great- 
er dispersive power. 

The Rainbow, The rainbow was a phenomenon, for which 
the ancients were entirely unable to account ; but after (die 
discovery that light is a compound principle, and that its col- 
ors may be separated by vanous snuBttmeeBj the aolution of 
thu phenomenon became easy. ^ 

teiT Isaac N«wto]ijBLfter his great discoreiy of the compound 

BownmyUffht be decomposed bv two pieoea of fl^aw 7 Of wluitsiib- 
ftpneei may pAnDB be ftrmed, bendeB gbuM 1 WImA S Mid of eome fiqnidi 
MihiDgtlie epeetniiii bi^er than othefs 1 Wbatia aaid of oil of caau, in 
Ab nqpecAl lIHiiit^MOoverr pteeedei «he «^plu^^ 
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natora of Udit» and the different refrangibUit^ of the colored 
rayi« was able to explain the rainbow on optical principles. 

If a glass fflobe be suspended in a room, where the rays of 
the son can nil upon it» the light will be decomposed, or sepa- 
rated into seyerai colored rays, in the same manner as is 
done by the piism. A well defined spectrum will not, how- 
eyer, be formed by the globe, ^cause its shape is such as to 
dii^rse some of the rays, and converge others but the eye, 
by taking different positions in respect to the globe, will ob- 
serre the various prismatic colors. Traiisparej^ bodies, 
such as glass and water, reflect the rays of liffht fth)m both 
their sur&ces, but chiefly from the second surracep/ That is, 
if a plate of naked dass be placed so as to refle(!li the image 
of the sun, or of a £imp, to the eye, the most distinct ima^e 
will come from the second surface, or that most distant from the 
eye. The great brilliancy of the diamond is owin^ to this cause. 
It will be understood directly, how this principle applies to 
the explanation of the rainbow. 

^•177. (guppose the 

circle a b c, fig. 
177, to represent 
a fflobe or a drop 
of rain, for each 
drop of rain, as it 
1^ falls through the 
air, is a small 
globe of water. 
Suppose, also, 
that the sun is at 
5, and tlie eye ol 
the spectator at e. 
Now, it has already been stated, that from a single ^lobe, the 
whole solar spectrum is not seen in the same position, but 
that the different colors are seen from different places. Sup- 
pose then, that a ray of light from the sun «, on entering 
the globe at a, is separated into its primary colors, and at the 
same time the red ray, which is the least refrangible, is refract- 
ed in the line firom a to b. From the second, or inner sur- 
face of the globe, it would be reflected to c, the angle of re- 

Wbo fint explained the rainbow on optical principles 1 Why does not a 
giaea globe form a wdD defined spectram 1 From which aur&ce do tianapft- 
vsnk bodies chiefiy reflect the light 1 Explain fig. 177, and show the difibnot 
tefimetiMis, and the reHectiofi ooieenied Sn finming the rainbow. 




RAiNBOWk 



m 



flection being eqnal to Aat of inci<iettee« Oo {Mutoing ool of 
the globe, its refraction at c, would be just eooal to tbe refract 
tion of the incident ray at a, and therefore tfte red ray woulj 
fall on the eye at fi^y All the other colored rays would follow 
the same law, butjC^ause the angles of hicidenoe and those 
of reflection are eftm, and because the colored rays are sepaf* 
rated from each other, by unequal refractionTj^t is obvious tnai 
if the red ray entered the eye at e, none of ^e other colored 
nys could be seen from the same pointJ 

Trom this it is evident, -that if the ^e of the spectator is 
moved to another position he will not see the red ray coming 
from the same drop of rain, but only the blue, and if to ano- 
ther position, the green, and so of all the others. But in a 
shower of rain, there are drops at all heights, and distances* 
and though they perpetually change their places, in respect to 
the sun and tne eye, as they fall, still there will be many 
which will be in such a position as to reflect the red rays to 
the eye, and as many more to reflect the yellow says, and bq 
of all the other colors. 

Fig. 17a This will be made 

obvious by fig. 178, 
where, to avoid 
confusion, we will 
suppose that only 
three drops of rain, 
and consequently, 
only three colors 
ar^to "be ooen. — ^ 

CThe numbers J».^^ 
% 5*,' areHie rayi of 
the sun, proceeding 
to the drops a, 6, 
c, and from which 
these rays are re- . 
fleeted to the eye, 
making different 
angles with the 
horizontal line k, 
because one colore^ 

In the ease sitppoBed^ why win only the red ray meet the eyel Suppm 
a penon looking at a rambow moves his eye, will he see the same ooIotb inqi 
:the same diop of ndn 1 Eiplafai fig. 178, and shew why wi jiee jiflhw||t 
eoloa £p6in ddfoent drapa of ram. 

IT* 
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r&f b refraeted more than another. Now suppose the red my 
only reaches the eye from the drop a, the green from the drop 
&, and the Tiolet from the drop c, then the spectator would see 
a minute rainhow of three colors. But during a shower of rain, 
all the drops which are in the position of a, in respect to the 
eye, would send forth red rays, and no other, while those in the 
position of b, would emit green rays, and no other, and those in 
ttie position of c, violet rays, and so of all the other prismatic 
colors!/ Each circle of colors of which the rainhow is formed, 
is theilefore composed of reflections from a vast number of dif- 
ferent drops of rain, and the reason why these colors are dis- 
tinct to our senses, is, that we see only one color from a sing^le 
drop, with the eye in the same position. It follows, then, that 
if we change our position, while looking at a rainbow, we still 
see a bow, but not the same as before, and hence, if there are 
many spectators, they will all see a different rainbow, though i' 
appears to be the same. 

There are often seen two rainbows, the one formed a/ 
above described, and the other which is fainter, appearing 
on the outside, or above this. t^The secondary bow, as thip 
last is called,^ always has its order of colors the reverse of th« 
primary one. Thus the colors of the primary bow, beginning 
with its upper, or outermost portion, are red, orange, yellow 
d&c. the lowest, or innermost portion being violet, while thf 
secondary bow, be^nning witn the same corresponding part. 
is colored, violet, mdigo, &.c. the lowest, or innermost circle 
being red. 

In the primary bow we have seen, that the colored rays 
arrive at the eye after two refractions, and one raQection. 
In the secondary bow, the rays reach the eye afteiitwo re- 
fractions, and two reflections,l^nd the order of the colors is 
reversed, because in this ca^, the rays of light enter the 
lower part of the drop, instead of the upper part, as in the 
primary bow. The reason why the colors are fainter in ^c 
secondary than in the primary bow isj(because a part of the 
light is lost or dispersed, at each reflection, and there being 
two reflections, by which this bow is formed, instead of one, 
as in the primary, the diflerence in brilliancy is very obviousQ 

Do leveral persons see the same rainbow at the same time 1 Explain the 
PiMon of i^. How are the colors of the primary and secondary bows ar- 
langed in respect to each other 1 How many refractions and reflections pro 
duos the aeoondanr bow 1 Why is the secoiidaiy bow to briUlaiit than ths 
1 
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The direction of a nngle ray, showing how the secondary 
bow is formed, will be seen at fig. 179. 

^- ™- The ray r, 

from the sun, 
enters- the 
drop of wa- 
ter at a, and 
is refracted 
to ft, then 
^ reflected to C9 
then again 
reflected to 
d, where it 
suffers an- 
otlier refrac- 
tion, and lastly, passes to the eye of the spectator at e. 

The rainbow, being the consequence of the refracted and 
reflected rays of the sun, is never seen, except when the sun 
and the spectator are in similar directions, in respect to the 
shower. It assumes the form of a semicircle, because it is only 
at certain anffles that the refracted rays are visible to the eye. 
Of the colors of things. The lignt of the sun, we have 
seen, may be separated into seven primary rays, each of 
which has a color of its own, and which is different from that 
of the others. In the objects which surround us, both natural 
and artificial, we observe a great variety of colors, which dif- 
fer from those composing the solar spectrum, and hence one 
might be led to believe that both nature and art afford col- 
ors different from those afforded by the decomposition of the 
solar rays. Bul(it must be remembered, that the solar spec- 
trum contains on^^ the primary colors of nature, and that by 
raixinff these colors in various proportions with each other, 
an inoefinite vajiety of tints, all difiering from their primaries, 
may be obtained,; 

It appears tkkt the colors of all bodies depend on some pe- 
culiar property of their surfaces, in consequence of which^ 
they absorb some of the colored rays, and reflect the others^ 
Had the surfaces of all bodies the property of reflecting the 

Why are the coIotb of things diflferent fixmi thoae of the solar spectniml 
On wait do the colon of hocBes depend 1 Suppose all hodMli leneeted tht 
•sme ray what would be the oonsequenioe, in regaid to color 1 
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tame ray only; dl nature would display the monotony of a 
tingle color, and our senses wonld never hare known die 
charms of that variety which we now beholdy 

All bodies appear of the color of that ray, or of a tint depend- 
ing on the several rays which it reflects, while all the o^er 
rays are absorbed, or, in other terms, are not reflected. Black 
and white, therefore, in a philosophical sense, caimot be consi- 
dered as colors, since the first arises from the absorption of aH 
the rays, and the reflection of none, and the last is produced 
by the reflection of all the rays, and the absorption of none.) 
But in all colors, or shades of color, the rays only are reflect^ 
ed, of which the color is composed. Thus the color of grass, 
and the leaves of plants is green/becauiie the surfaces of these 
substances reflect only the green rays, and absorb all the others? • 
For the same reason the rose is red, the violet blue, and so of 
all colored substances, every one throwing out the iky of its 
' own color, and absorbing all the others. 

To account for such a variety of colors as we see in diflfbr> 
ent bodies, it is supposed that tdl substances, when made suf* 
ficientl^ thin, are transparent, and consequently, that tliey 
transmit through their surfaces, or absorb, certain rays ot 
light, while otl^r nym are dirown back, or refiecled, as above 
described; Gold, for example, may be beat so thin as to 
transmit ^ome of the» rays oi light, and the same is true oi 
several of the other metals, which are capable of being han|- 
mered into thin leaves. It is therefore most probable, that 
all the metals, could they be made sufliciently thin, would 
permit the rays of light to pass through them. Most, if not 
quite all mineral substances, though in~ the mass they may 
seem quite opaque, admit the light dirough their edges, when 
broken, and almost every kind of wood, when made no thinner 
Ulan writing paper, becomes translucent Thus we may safe- 
ly conclude, that every substance with which we are ac- 
ouainted, will admit the rays of light, when made sufficiently 

^Transparent colorless substances, whether solid or fluid, 
such as ^lass, water, or mica, reflect and transmit light of the 
same color ; that is, the light seen through these bodies, and 

reflected from their surfaces, is white« Hus is true of all 

— I - - - 

Wky are nSt black, aai wliite, considered as colon 1 Why m the colov 
of grass greeni How istiie varie^ of colon aoc»uiitad ftr, by oofisideriiig 
«fl bocfies transparantl What k «aid of the seflectkvi of cabled Uf^lgr 
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transparent substances under ordinary cirenmslances ; but if 
their thickness be diminished to a certain extent, these sub- 
stance's will both reflect, and transmit colored light of Tarious 
hues, according to their thicknesap Thus '^he thin plates of 
mica, which are left on the fing^, after handling that sub- 
stance, will reflect prismatic rays of various colors/ 

lliere is a degree of tenuity, at which transparent substan- 
ces-cease to reflect any of tne colored rays, but absorb, or 
transmit them all, in which case they become black* This 
may be prored by various experiments. * If a soap btibble be 
closely observed, it will be seen that at first, the uiickness is 
sufficient to reflect the prismatic rays from all its parts, but as 
it grows thinner, and just before it* bursts, there may be seen 
a spot on its top, which turns black, ^thus traasmittins all the 
rays at that part, and reflecting none; The same phenome- 
non is exhibited, when a film of air, 'or water, is pressed be- 
tween two plates of glass. At the point of contact, or where 
the two plates press each other with the greatest force, there 
will be a black spot, while around this, there may be seen a 
sy^em of colored rings. 

nProm such experiments. Sir Isaac Newton concluded, that 
au", when below the thickness of half a millionth of an inch^ 
ceases to reflect light; and also that water, when below the 
thickness of three eighths of a millionth of an inch, ceases to 
reflect light.^ But that both air and water, when their thick- 
ness is in a/^ertain degree above these limits, reflect all the 
colpred rays of the spectrum. 

m ow all solid bodies are more or less porous, having among 
their particles either void spaces, or spaces filled with some 
foreign matter, diflering in aensity from the body itself, such 
as air or water. Even gold is not perfectly compact, since 
water can be forced through its pores. It is most probable, 
then, that the parts of the same body, difl!ering in density, 
either reflect, or transmit the rays of light according to the 
size, or arrangement of their particles ; and in proof of this, 
it is found that some bodies transmit the rays of one color, 
and reflect those of another. Thus the color which passes 
through a leaf of gold is green, while that iif hich it reflects is 
yellow. 

From a great variety of experiments on this subject, Sir 

What substanoe is mentionfid, as illiistrating this fact 1 When ii it tald 
that tmuparent aabBtances heoome bhck 1 How is it proved that flads ot 
s jiti e m a tenaity, abawfa all the raya and leflect nonel 



9n AflrrnoNMCT. 

faifte Newton eondiidea that the tniisparent parts of bodies* 
aeooidiiiff to the sises of their transparent pores, reflect rays 
of one eolor, and transmit those of another, for the same rea- 
son that thin phttes, or minute particles of air, water, and some 
other substances, reflect certain rays, and absorb, or transmit 
others, and that this is the cause of all their colors. 

In confirmation of the truth of this theor}% it may be observ- 
ed, that many substances, otherwise opaque, become trans- 
parent, by filling tlieir pores with some transparent fluid. 

'rhus the stone called Hydrophane, is perfectly opaque, 
when dry, but becomes transparent when dipped in water ; 
and common writing pape/ becomes translucent, after it has 
absorbed a quantity ot oil^ The transparency, in these cases, 
may be accounted for, oy the different refractive powers 
which the water and oil possess, from the stone, or paper, and 
in consequence of which the light is enabled to pass among 
tlieir particles by refraction. 



ASTRONOMY. 

Astronomy is that science which treats of the motions and 
appearances of the heavenly bodies ; accounts for the pheno- 
mena which these bodies exhibit to us, and explains the lawg^ 
by which their motions, or apparent motions, are regulated. ; 

Astronomy is divided into Descriptive, Pkysicalj and PrwS- 
ticaL / 

Descriptive astronomy t]emonstrates the magnitudes, distan- 
ces, and densities of the tieavenly bodies, and explains the 
phenomena dependant on thdr motions, such at tne change 
of seasons, and the vicissitudes of day and nightj 

Physical astronomy Explains the theory c? piknetary ma. 
tion, and the laws by wWh this motion is regulated and sus- 
tained.J 

PraSctical astronomy^etails the description and use of as- 
tronomical instruments, and dev elopes the nature and appU 
cation of astronomical calculations!! 

The heavenly bodies are dividedftnto three distinct classes, 

What ii the oonchuion of ^Isaae Newton, conoeniimr the tenuity at 
which water axid air ceaae to reflect light 1 What is said of the porous nar 
liw« of solid bodiesi What u astionomyl How is aibroiiomy dindedl 
What does desoiptivs astroaomy teaail YHmI b the ob|ectof phy>dcsl 
■ftroDoniyl What is pnctfeal MtvoMiny 9 



•r sjniteBM, naiMfy, tkc solar wfmaokt eonuCbif of the tmiw 
■KK»i» and pknotB. the system of die fixed stais» tnd the wy* 
tem of the eometsj 

Tfu Solar System. 

The Solar system consists^ the son and twenty*nine other 
bodies^ which revolve arouna him at various distances^ and in 
various periods of time. 

The^odies which revolve around the sun as a centre, are 
calle^K^rimary planets^ Thus, the Earth, Venus, and Mars, 
are prtfiiary planets. T^ose which revolve around the prima* 
ry planets, are called (^econtfary planets, moanSf or satellites^ 
Our moon is a secondary planet or satellite. ^ 

The primary planets revolve around the sun in the follomog 
order, and complete their revolutions in the following times, 
computed in, our days and years. Beffinning with that nearest 
to the sun. Mercury performs his revolution in 87 days and fti 
hown ; Y ehus, in 224 days, 17 hours ; the Earth, attended by 
the moon, in 366 days, 6 hours ; Mars, in 1 year, 922 days ; 
Ceres,*in 4 years, 7 months, and 10 days ; Pallas, in 4 jrears, 
7 months, and 10 days ; Juno, in 4 years and 128 days ; Ves 
ta, in 3 years, 66 days, and 4 hours ; Jufnter, in 11 years, 316 
days, and 15 hours; Saturn, in 20 years, 161 days^ »d 10 
hours ; Herschel, in 83 years, 342 days, and 4 hours. ; 

A yeav consists of the time which it takes a planet to p«F> 
form one Bomplete revolution through its orbit, or to paes once 
around the sunT) Our earth performs this revolution in 965 
days, and therefore this is the period of our year. Mereui^ 
completes her revolution in 88 days, and therefore her year is 
ho longer than 88 of our days. But the planet Herschel is 
idtuatea at such a distance mm the sun, tlutt his revolution is 
not completed in less than about 84 of our years. The other 
planets complete their revolutions in various periods or time, 
between these ; so that the time of these penods is generally 
in. proportion to the distance of each planet from, the sun. 

'Ceres, Pallas, Juno, and Vesta, are the smallest of all the 
planets, and are called Asteroids, 

How are the hMvenly bodies dirided 1 Of what does .the solar sjrvSBm 
oonsjst ? What are the bodies called, whieh revolTe around the sun as a ce»- 
tte? What are those called, w^ic^ revolve around these primaiies as a ceOf 
Ire ? In what order are the several planets situated, in respect to the son t 
How long does it take each planet to make its revolution aroand tht bwi f 
What is a year 1 What planets sm called astesoidf 1 



Boidcs Ae abmre e nymwlwl primly pimctcy oar syi l ua i 
MDldiM^^igiileai/aeeoiidiry pknetav or moont. fM* theM, 
our Euih Ml one moon, Jupiter four, Setoni eeren* end Her- 
eebelnxi None of these moonst except onr own, end one or 
two c€9ktam% can be seen without a telescope. The seren 
other planeli^ ao fitf as has been discoTered, are entirely with* 
out moons. ^ ^ 

AD the planets move aromid the simUrom west to easyand 
in the same diroction do the ukkmis revolre aronnd their pri- 
maries, with die exception of those of Herschel, which appear 
toievolve in a contrary direction. 

nrhe peths in which the planets move round the sun, and in 
wMch ttie moons move round their primaries are called thdr 
orbiU. T%ese orbits are not exactiy circular, as they are com- 
monly represented on paper, but are elliptical, or oval, so that 
an the planets are nearer the sun, when in one part of their 
oibits, than wh^i in another. 

In addition to their annual revolutions^some of the planets 
are known to have diurnal, or daily revolutibiis, like our earthJ 
The periods of these daily, revolutions have been asc^Adnea 
•n several of the planets^by spots on their surfacesJ But 
where no such mark is mscemible, it cannot be ascertained 
whether the planet has a daily revolution or not, though this 
has been found to be the case in every instance where spots 
are seen, and, therefore, there is little doubt but all have a 
daily, as well as a yearlv motion. 

llie axis of a pUtnet^ an imaginary line passing througA 
its centre, and about which its diurnal revolution is performed^ 
The folea of the nlanet^are the extremities of this axiu '^ 

The orbits of|^ercimr and Venus are within that of the 
earth, and consequenUy tney are called inferior planet^ ITie 
orbits of all the other planets are without, or exterior io that 
of the earth, and these are called superior pianetsS 

That the orbits of Mercury and Venus are wimin that of 
the earth, is evident [from tiie circumstance, that they are 
never seen in opposition to the sun, that is, they never appear 

How many moons does our Bystem contain 1 Which of the ^daneta an 
attended by mofms, and how man^ has each 1 In what clirectioii do the planeta 
oMve around the sun 1 What is the orbit of a planet ? What revolutions 
have the planets, besides their yearly revolutbns ? Have all the planets diur- 
nal revolutions'? How is it known tiiat the planets have daily revolotionsl 
What is the axis of a planetl What is the pole of a planet? Which are 
the superior, and which the inferior planets? 
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fn the west, when the sun is in the east.} On the contrary, 
the orbits of all the other planets are proved to be oiitsid^>ef 
the earth's, since these planets are sometimes seen in oppo- 
sition to the sun. 

Pig. 180. ' This will be understood 

by fig. 180, where Suppose 
9 to be the sun, m the orbit 
of Mercury or Venus, e the 
orbit of the earth, and j tha 
of Jupiter. Now it is evi- 
dent, that if a spectator be 
placed any where in the 
earth's orbit, as at e, he may 
sometimes see Jupiter in op- 
position to the sun, as at j, 
because then the spectator 
would be between Jupiter 
and the sun. But the orbit 
of Venus, being surrounded 
by that of the earth, she never can come in opposition to 
the sun, or in that part of the heavens opposite to him, as 
seen by us, because our earth never passes between her and 
the sunr\ 

It bar already been stated, that the orbits of the planets&re 
elliptical,} and tnat, consequently, these bodies are sometimes 
nearer the sun than at others. An ellipse, or oval, has two 
foci, and the sun, instead of being in the common centre, is 
always in the lower foci of their orbits. 




Kg. 181. 




The orbit of a planet is 
represented by fig. 181, 
where a, d, 5, e, is an el- 
lipse, with its two foci, g 
and 0, the sun being in the 
focus s, which is c^ed the 
lower focus. 

When the earth, or any 
other planet, revolving 
around the sun, is in that 
part of its orbit nearest the 



How is it proTed that the inferior planets are within the earth's orbit, and 
the superior ones without it 7 Explain %. 180, and show why the inferior 
planets never can be in opposition to the sun. What are the shapes of the 
planetary orbltB 1 What is meant by perihelicm 1 

Id 
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•an, B8 at flf it is laid to be in its perihelion f and when in llml 
part which is at the greatest distance from the snn, as at 6, it 
u said to be in its aphelion. The line « , d, is the mean, or 
average distance of a planet's orbit from the sun. 

EclipHc. — The planes of die orbits of all the planets pass 
througn die centre of Uie sun. The plane of an orbit is an 
imaginary surface, passing from one extremity or side of the 
orbit, to the other. If the rim of a drum head be considered 
die orbit, its plane would be the parchment extended across 
it, on which tne drum is beaten. 

Let us suppose the earth's orbit to be such a plane, cutting 
the sun through his centre, and extending out on every side 
to the starry heavens ; the great circle so made, would mark 
the line of the ecliptic^ or Itie sun's apparent padi through the 
heavens. 

This circle is called the sun's apparent path/1>ecause the 
revolution of the earth gives the sun the appearance of passing 
dirough YCS It is called the ecliptic, because eclipses happen 
when the moon is in, or iiear, tnis apparent path. 

Zodiac;, — ^The Zodiacns an imaginary belt, or broad circle, 
extenduig quite around the heavens.^ The e^ipticdMrides the 
sodiacnnto two equal part8,ythe zodiac extending (8 degrec»l 
on eacVside of the ecliptic/and therefore is 16 degl«es wide. 
The zodiac is divided into 12 equal parts, called die signs oj 
the zodiac. 

The sun appears every year to pass around the great circle 
of the ecliptic, and consequendy, through the 12 constella- 
dons, or signs of the zodiac. But it will be seen, in another 
place, diat the sun, in respect to the earth, stands still,. and 
that his apparent yearly course through the heavens is caused 
by the annual revolution of the earth around itsprbit. 

To understand the cause of diis deception, net us suppose 

What IB the pluie of ui orbit 1 Elzplain what is meant by the ecfiptie. 
Wliy is the ecliptic called the sun's apparent path ? What is the lodiaci 
-low «loes the ecliptic divide the aodiic i How fiur does tho aodiao eztondL 
A each side of the ecUpticI 
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fiiac every year, 
diac, 18 foun'^ 



1%. Ml that «, Af. 18% is the san,^ « 5» apart 

of the circle of the eclipdc, and ed% 
a part of tlie earth's orbit. Now, if 
a spectator be placed at «, he will 
see the sun in that part of the eclip* 
tic marked by 6, but when the earth 
moTes in her annual revolution to (2» 
the spectator will see the sun in that 
part of the heavens marked by a ; 
■o that the motion of the earth in one 
direction, will give the sun an appa- 
rent motion in the contrary direc- 
tion) 

A sign, or constellation's a col- 
lection of fixed stars, and, as we have 
already seen, the sun apiiears to move 
through the twelve signs of the zo- 
Now the sun's place in the heavens, or zo- 
his apparent coniunction, or nearness to any 
particular staHn the constellation^ Suppose a spectator at c, 
observes the sun to be nearly in aoine with the star at 6, then 
the sun would be near a particular star in a certain constella- 
tion. When the earth moves to d, the sun's place would as- 
sume another direction, and he would seem to have moved 
into another constellation, and neai the star a. 

Each of the 12 signs of the zodiac is divided (nto 30 small- 
er parts, called degrees; each degree into 60 equal parts, 
called minutes, and each minute into 60 parts, called seconds.} 
The division of the zodiac into signs, is of very ancient date, 
each sign having also received the name of some animal, or 
thing, which the constellation, forming that sig^n, was supposed 
to resemble. It is hardly necessary to say, that this is chiefly 
the result of imagination, since the figures made by the places 
of the stars, never mark the outlines of the figures of animals, 
or other things. This is, however, found to be the most con- 
venient method of finding any particular star at this day, for 
among astronomers, any star, m each constellation, may be 
designated by describing the part of Uie animal in which it is 

Explain fig. 182, and show why the gun seems to pass through the ec&p- 
tic, when the earth only revolves around the sun. what is a a>n8teUation, 
or signl How is the sun's apparent place in the heavens found 1 Into how 
many paits are the signs of the xodtac divided, and what are these parts 






•itnrted. Thus, fcy knowiiig haw many stars bekiig ^ ^^ 
ooDBtetlatioii Le©, or the lion^ we readily know what star w 
meant by that which is sitoat^ on the Lion's ear or tail. 

The names of the 12 signy of the zodiac are, Aries, Taurus, 
Qeniini, Cancer, Leo, Vir«i^, Libra, Scorpio, Sagittarius, Ca- 
piicorn, Aquarius, and Pisofes. The common names, or mean- 
ing of these words, in ^e wne order, are, the Ram, the Bull, 
the Twins, the Crab, the Lion, the Virgin, the Scales, the Scor- 
dlon, the Ardier, the 6oat, the Waterer, and the Fishes. 

FSg. 183. 




"nie 12 signs of the zodiac, together with the sun, and the 
eardi revolving around him, are represented at fig. 183. When 
&e earth is at A, the sun will appear to be just entering tht 

Is there any Rsemblanoe between the places of the stars, and the figures 
•f the ^nimnlg after which they are called 1 Explain why this is a con- 
twdeut method of llndinff any particular star in a asn. What are the names 
afthelSs^nsI 
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si^ Aries, because then, when seen from the earth, he ranges 
towards certain stars at the beginning of that constellation. 
When the earth is at C, the sun will appear in the opposite 
^rt of the heavens, and therefore in the beginning of Libra. 
The middle line, dividing the circle of the zodiac into equal 
parts, is the line of the ecliptic. 

Density of the Planets. — Astronomers hare no means of 
ascertaining whether the planets are composed of the same 
kind of matter as our earth, or whether their surfaces are 
clothed with vegetables and forests, or not They have, 
however, been able to ascertain the densities ^f several(7)f 
thenijEy observations on their mutual attractionN By density, 
is mean/jSompactness, or the quantity of matt^ in a given 
spacejf TYhen two bodies are of equal bulk, that which weighs 
most, has the greatest density. It was shown, while treating 
of the properties of bodies, that substances attract each other 
in proportion to the quantities of matter they contain. If, 
therefore, we know the dimensions of several bodies, and can 
ascertain the proportion in whfch they attract each other, 
their quantities of matter, or (densities, are easily found. 

Thus, when the planets pass each other in their circuits 
through the heavens, they are often drawn a little out of the 
lines of their orbits by mutual attraction. As bodies attract in 
proportion to their quantities of matter, it is obvious that the 
small planets, if of the same density, will suffer greater disturb* 
ance from this cause, than the large ones. But suppose two 
planets, of the sime dimensions, pass each other, and it is 
found that one of them is attracted twice as far out of its or- 
bit as the other, then, by the known laws of gravity, it would 
be inferred, that one of them contained twice the quantity of 
matter that the other did, and therefore that the density of the 
one was twice that of the other. 

By calculations of this kind, it has been found, that the 
density of the sun is but a little greater than that of water, 
while Mercury is more than nine times as dense as water, 
having a specific gravity nearly equal to that of lead. The 
earth has a density about five times greater than that of the 
sun, and a little less than half that of Mercury. The densi- 

Explain why the am will he in the he^jinmng of Aries, when the earth is 
at Af fig. 184. How has the density of the planets been ascertained ? What 
is meant by density 1 1n what proportion do bodies attract each other 1 How 
are the densities of the (Janets asoertainedl What is th« deoaity of the suj^ 
of Mercury, and of the earth 1 

18* 



«f the odier pfanels wem to ^miiiuli mproportioi« ^' 
iMr dbtinm from the sun increue, the denatj of SaturK, 
eae of the most remote of pknets, being onfy about one 
third thel of wmUr. 

The Sun. 

Tlie mm Is the centre of the solar srstem, and the frent 
diapenfler of heat and light to all the planets. Aronna the 
•on all the planets reyolVe, as around a common centre, he 
beinff the largest body in oor system, and, so iar as we know, 
the urgest in the universe. 

The distance of the sun from the earth is 95 millions of 
miles, and his diameter is estimated at 880,000 miles. Our 
globe, when compared with the magnitude of the sun, is a 
mere point, for his bulk is about thirteen hundred thousand 
times greater than that of the earth. Were the sun's centre 
placed in the centre of the moon's orbit, his circumference 
would reach two hundred thousand miles beyond her orbit in 
every direction, thu» filling the whole space between us and 
the moon, and extending nearly as far beyond her as she is 
from us. A traveller, who should go at tfie rate of 90 miles 
a day, would perform a journey ef nearly 33,000 miles in a 
year, and yet it would take such a traveller more than 80 
yeara to go roiind the circumference of the sun. A body of 
such mighty dimensions, hanging on nothing, it is certain, 
must hare emanated from an Almighty power. 

The sun appears to move around tlie earth every 24 hours, 
rising in the east, and setting in the west. This motion, as 
will be proved in another place, is only apparent, and arises 
from the diurnal revolution of the earth. 

The sun, although he does not, like the planets, revolve in 
an orbit, is, however, not without motion, having a revolution 
around kis own axis, once in,25 days and 10 hours. Both the 
fret that he has such a motion, and the time in which it is per* 
formed, have been ascertained by the spots on his surface. 
If ^ a spot is seen, on a rei'olving body, in a certain direction, 
it is obvious, that when the same spot is again seen, in the 

In what proportions do the densities of the planets appear to diminish 1 
Where is the place of the sun, in the solar system 1 Wnat is. the distanoe 
flif the sun ftom the earth 1 What is the diameter of the sun 1 Suppose the 
«lit«0 of the sun and that of the moon's orbit to be coincident, now 6i 
Hqmld the sun extend beyond the moon's orbit 1 How is it proved that the 
iijil ktm a motioa around his own axis 1 How often does the sun revolve 1 
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9ame directioiiy that the iKxly has made one rerokition. By 
such spots the diurnal revohitions of the planets, as well as 
the sun, have heen determined. 

Spots on the sun seem first to have heen observed in the 
year 1611, since which time they have constantly attracted 
attention, and have been the subject of investigation among 
astronomers. These spots change their appearance as the 
sun revolves on his axis, and become greater or less, to an 
observer on the earth, as they are turned to, or from him ; 
they also change in respect to real magnitude and number : 
one spot, seen by Dr. Herschel, was estimated to be more 
than six times the sixe of our earth, being 50,000 miles in 
diameter. Sometimes forty or fifty spots may be seen at the 
same time, and sometimes only one. They are often so large 
as to be seen with the naked eye ; this was the case in 1816. 

In respect to the nature and design of these spots, almost 
every astronomer has formed a different theory. Some have 
supposed them to be solid opaque masses of scoriae, floating in 
the liquid fire of the sun ; others as satellites, revolving round 
him, and hiding his light from us ; others as immense masses, 
which have fallen on his disc, and which are dark colored, be- 
cause they have not yet become sufficiently heated. In two 
instances, these spots have been seen to burst into several 
parts, and the parts to fly in several directions, like a piece of 
ice thrown upon the ground. Others have supposed that 
these dark spots were the body of the sun, which became 
visible in consequence of openings through the fiery matter, 
with which he is surrounded. Dr. Herschel, from n.any ob- 
servations with his great telescope, concludes, that the shining 
matter of the sun consists of a mass of phosphoric clouds, ana 
that the spots on his surface are owing to disturbances in the 
equilibrium of this luminous matter, by which openings are 
made through it. There are, however, objections to this the- 
ory^ as indeed there are to all the others, and at present it 
can only be said, that no satisfactory explanation of the cause 
of these spots has been given. 

That the sun, at the same time that he is the great source 
«f heat and Kffht to all the solar worlds, may yet be capable of 
supporting animal life, has been the favourite doctrine of seve- 

When were spots of the sun first observed ? What has been the dsfler^ 
eoce m the number of spots observed 1 What was the sisse of the spot seen 
hv Dr. Herschel 1 Wtiat has been advanced concerning the aiktwe ci 
these spots 1 H?vc th<7 bceo accounted for satis&ctorily 1 
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rml able ftttronomerv. Dr. Wilson first sn^gested that this 
might be the case, and Dr. Herschel, with his telescope, 
made obsenrations which confirmed him in this opinion. The 
latter astronomer supposed that the functions of the sun, as 
the dispenser of li^ht and heat, might be performed by a lumi- 
nous, or phosphoric atmosphere, surrounding him at many 
hundred miles distance, while his solid nucleus might be fit- 
ted for the habitations of millions of reasonable beings. This 
doctrine is, however, rejected by most writers on the subject 
at the present d&y. 

Mercury. 

Mercury^ the planet nearest tlie sun, is about 3000 miles in 
diameter, and revolves around him, at the distance of 37 
millions of miles. The period of his annual revolution is 87 
days, and he turns on his axis once in about 24 hours. 

The nearness of this planet to the sun, and the short time 
his fully illuminated disc is turned towards the earth, has pre- 
vented astronomers from making many observations on him. 

No signs of an atmosphere have been observed in this 
planet. The 8un*8 heat at Mercury is about seven times great- 
er than it is on the earth, so that water, if nature follows the 
same laws there that she does here, cannot exist at Mercury, 
except in the state of steam. 

The nearness of this planet to the sun, prevents his being 
often seen. He may, however, sometimes l>e observed jusl 
before the rising, and a little after the setting of the sun. When 
seen after sunset, he appears a brilliant, tAvinkling star, show 
ing a white light, which, however, is much obscured by the 
glare of twilight. When seen in the morning, before the ri- 
sing of the sun, his light is also obscured by the sun's rays. 

Mercury sometimes crosses the disc of the sun, or comet 
between the earth and that luminary, so as to appear like a 
small dark spot passing over the sun's face. This is called 
the transit of Mercury. 

Ventis. 
Venus is the other planet, whose orbit is within that of the 

What is said oonceminff the sun's being a habitable elobe ? What is the 
diameter of Merrury, and what are his periods of annual and diumol revolu- 
tion 1 How spreat is the sun's heat at Mercuxy 1 At what times is Meieuiy 
tobeseen? What is a transit of Meicuiyl 
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earth. Her diameter is about 860D mOes, being somewhat 
larger than the earth. 

Her reyolution around the sun is performed in 5224 days, at 
the distance of 68 millions of miles from him. She turns on 
her axis once in 23 hours, so that her day is a little shorter 
than ours. 

Venus, as seen from the earth, is the most brilliant of all the 
primary planets, and is better known than any nocturnal lumi- 
aary except the moon. When seen through a telescope, she 
exhibits the phases, or horned appearance of the moon, and her 
&ce is sometimes variegated with dark spots. Venus may 
jften be seen in the day time, even when she is in the vicini- 
ty of the blazing light of the sun. A luminous appearance 
ftVound this planet, seen at certain times, proves that she has 
m atmosphere. Some of her mountains are several times 
more elevated than any on our globe, being from 10 to 22 
miles high. Venus sometimes makes a transit across the 
sun's disc, in the same manner as Mercury, already de- 
scribed. The transits of Venus occur only at distant periods 
from each other. The last transit was in 1769, an4 the next 
will not happen until 1874. These transits have been ob- 
served by astronomers >vith the greatest care and accuracy, 
since it is by observations on them that the true distances of 
the earth and planets from the sun are determined. 

When Venus is in that part of her orbit which gives her 
the appearance of being west of the sun, she rises before him, 
and is then called the morning star \ and when she appears 
east of the sun, she is behind nim in her course, and is then 
called the evening star. These periods do not agree, either 
with the yearly revolution of the earth, or of Venus, for she is 
alternately 290 days the morning star, and 290 days the even- 
ing star. The reason of this is, that the earth and Venus move 
round the sun in the same direction, and hence her relative mo- 
tion, in respect to the earth, is much slower than her absolute 
motion in her orbit. If Uie earth had no yearly motion, Venus 
would be the morning star one half of the year, and the even- 
ing star the other half. 

Where k the orbit of Venus, in veepeet to that of the earthl What ii 
the time of Venus' levolution round the suni How often does she turn 
an her axisi What is said of the height of the mountains in Venus 1 On 
what account are the transits of Venus observed with great care 1 When k 
Venus the mominff , and when the evening star 1 Bow long is Vennti tha 
voamag^ and howlong the eveniqg star 1 
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The Earih. 

The next planet in our svstem, nearest the sun, is the Eartk 
Her diameter is 7912 miles. This planet revolves around 
him in 966 days, 5 hours, and 49 minutes ; and at the dis- 
tance of 95 millions of miles. It turns round its own axis 
once in 24 hours, making a day and a night ^he Earth's revo- 
lution round the sun is called its annual^ ot yearly motion, 
because it is performed in a year ; while the revolution around 
its own axis, is called tlie diurnal, or daily motion, because it 
takes place every day^ The figure of the earth, with the phe- 
nomena connected wiCn her motion, wrill be explained in ano- 
ther place. 

The Moon, 

The Moon, next to the sun, is, to us, the most brilliant and 
Interesting of all the celestial bodies. /Being the nearest to 
us of any of the heavenly orbs, and apjwrently designed foi 
our use, she has been observed with great attention, and many 
of the phenomena which she presents, are therefore b^Uei 
onderstoofl and explained, than those of the other planetsy 

While the earth revolves round the sun in a year, it is at- 
tended by the Moon, which makes % revolution round the 
earth once in 27 days 7 hours and 43 minutes. The distance 
of the Moon from the earth is 240,000 miles, and her diameter 
about 2000 miles. 

Her surface, when seen through a telescope, appears diver* 
•ified with hills, mountains, valleys, rocks, and plains, present- 
ing a most interesting and curious aspect : but the explana- 
tion of these phenomena are reserved for another section. 

Mars* 

Tlie next planet in the solar system, is Mars, his orbit sur 
roundinjT that of the earth. The diameter of this planet is up- 
wards of 4000 niiles, being about half that of the earth. The 
revolution of Mars around the sun is performed in nearly 687 
days, or in somewhat less than two of our years, and he turns 
on his axis once in 24 hours and 40 minutes. His mean 



How kmg does it take the earth to revolve round the sun 7 What is meant 
ly the earth*s annual revolution, and what by her diurnal revolution 1 Why 
are the phenomena of the moon better explained than those of the other 
planets 1 In what time is a revolution of the moon about the earth perform- 
ed ? What is the distance of the moon from the earth 1 What is the dianw 
ttr of Man? How much longer is a year at Man than oor yearl 
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di^Kance from the ran is 144 milHons of miles, so that he movee 
In his orbit at the rate of aboulf55,000 miles in an hourA Tile 
days and nights, at this planetr^nd the different seasdns d 
the year, bear a considerable resemblance to those of the 
earth. The density of Mars is less than that of the eartl^ 
being only three times that of waters 

Mars reflects a dull red light, by which he may be distin* 
guished fropd the other planets. His appearance through the 
telescope,/M remarkable for the CTeat number and variety of 
spots which his surface prescntsJ 

Mars has an atmosphere of great density and extent, as ia 
proved py t he dim appearance of the fixed stars, when seen 
througlrfCN When any of the stars are seen nearly in a Una 
with this planet, they give a faint, obscure light, and tha 
nearer they approach the line of his disc, the fainter is theb 
light, until the star is entirely obscured from the sight 

This planet sometimes appears muchjl^rger to us than at 
others, and this is readily accounted forby his greater or less 
dbtanc^ At his nearest approach to tne earth, his distance 
18 only w millions of miles, while his greatest distance islMO 
millions of miles ; making a difference in his distance of 190 
millions of miles, or the diameter of the earth's orbit 

The sun's heat at this planet(?s less tlian half that whick 
we enjoy^ 

To thVinhabitants of Mars, our planet appears alternately 
as the morning and evening star, as Venus does to us. 

Vesta^ JunOf Pallas^ and Ceres* 

These planets were unknown until recently, and are there* 
fore sometimes called the new planets. It has been mention- 
ed, that they are also called Asteroids, 

The orbit of Vesta is next in the solar system to that of 
Mars. This planet was discovered by Dr. Olbers, of Bremen, 
In 1807. The light of Vesta is of a pure white, and in a clear 
night she may be seen with the naked eye, appearing about 
the size of a. star of the 5th or 6th magnitude. Her revoln* 
tion round the sun is performed in 3 years and 66 days, at 
the distance of 223 millions of miles from him. 

What is his rate of motion in his orbit ? What is his appearance through 
the telescope? How is it proved that Mars has an atmosphere of gnat 
density 1 Why does Mars sometimes apP^^r to us larger than at others t 
How great is the sun's heat at Mara 1 Wnich are the new planets, w afll»> 
rnidsl When was Vesta dia60v«nd1 What is the period of VesU'taniUMi 
iMvuhitiont 
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Jmto WM diRcoTered by Hr. Hardinff, of Bremen, in 1604 
Her mnn distance from the eun is 253 iHillionB of miles 
Her orbH is more elliptical than that of any other planet, and 
to coDBequenre, eheiasometimefi lOT millioDB of milc« nearet 
Ifae Bun llian at others. This planet completes its auiual re- 
volution in 4 years and about 4 months, and revolves round 
iU nzis in 37 nours. Its diameter is 1400 miletu 

Pallas was also discovered by Dr. Olbers, in 1802. Its 
distance from the sun is 220 millions of miles, and its periodic 
revolution round him, is performed in 4 veers and 7 months. 

Ceres was discovered in 1801, by Fiazzi, of Palermo. This 

tknet performs her revolution in the same lime as Pallas, 
sing 4 years and 7 months. Her distance from the sun 260 
millions of miles. According^ to Dr. Herscbel, this planet is 
only about 160 miles in diameter. 
* \ Jupiter. 

Jupiter is^.OOO^iles in diameter, and performs his amiu- 
al revolution once m about 11 years, at the disUnce of390 
millions of milc^from the sun. This is die largest planeTin 
the solar system/ being about 1400 times larger than tne eartli. 
His diurnal rerolution is performed Inline hours and fifty- 
live minutes^giving his surface at the ei^uator, a motion nl 
88,000 miles per hour. This motion is about twenty limes 
more rapid than that of our earth at the equator. 

Jupiter, next to Venus, is the most brilliant of the planets, 
though the light and heat of the sun on him is/iiearly 36 
times iess^khan on the earth. ^ 

This pmnet is distinguished from all the others^Jby an ap- 

Dearance resembling bands, which extend across' hia disc!) 

Pia- 184. " 
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"HivM «« termed be!ts, and fare viuiable, both in respect to 
namber and anpeareiice.\ SDRieliines seven or eiglit are ' 
vebn, Mveral of which ntend quite across liia facei while 
others tppear broken, or interrupted. 

The«e bande, or belts, when the planet is observed throug'h 
a talesTOpe, appear as represented in fig. 164: This appear- 
ance is much the most common, the belts running quite across 
the face of the planet in parallel lines. Sometimes, however, 
his aspect is quite different from this, for in 1780, Dr. Her 
sehel saw the whole disc of Jupiter covered with small curved 
lines, each of which appeared broken, or interrupted, tho 
whole havinii a parallel direction across his disc, as in 6s. ISA 
Fig. 186. 



been re~gar(fed as clouds, or as openings in the atmosphere of 
the planet, while others ima^ne that they are (he marks of 
great natural changes, or revolutions, which are perpetually 
agitatin? the surface of that planet It is, however, most pi'o- 
bable, that these appearances are produced by the agency of 
some cause, of which we, on this httle earth, must ahvaya be 
enUrel^ ignorantj 

^ufiiter has four satellites, or moons, two of whicb are 
sometimes seen with the naked eye. They move round, and 

What ii nk) of PsHu ud Cma ? What b Uta AunMsi of JinKer T 
WlMtiBhii£atu)i:eflnnl)Mnm1 Wbtt b the pailad of Jmdlm'i dnnud 
revolutiMil What ialhe raii'i heat and light at Jopitar, m&ea cnnpued 
' Uof the eaithl For what ii Juoiln paitknlailv i&tiDgiiidwd 1 h 



with that of the earth 1 For what ii Jupiter paitknlaily ifi 
' "upiter'i bdti ahravs the same, or do ibej 
'. of jDiater's betted appearance 7 How many 



appearance of Juinter"! bdtialwaTs the same, or do iaej changed What 

" '■* " jDiater's betted appearance 7 Ho' — "■ 

the perimla of Ibeir ren^tioiu 1 
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ftltend him in his yearly reyolntiony aa the moon doea om 
earth. They complete their revoiutions at different periods, 
the ahortest of ^hich is leas than two days, and the longest 
seventeen daysJ 

Klese satellites oflen fall into the shadow of their primaryh 
in consequence of which they are eclipsed, ar seen from tfie 
earth. The eclipses of Jupiter's moons have been observed 
with great care by astronomers, because fthey have been the 
means of determining the exact longitude of places, and the 
velocity with which light moves through space.l) How longi- 
tude is determined by these eclipses, cannot be explained or 
nnc'.crstood at this place, but the method by which they 
become the means of ascertaining the velocity of light, may 
be readily comprehended. (An ecTipe of one of these satel- 
lites, appears, by calculation, to take place sixteen minutes 
sooner, when the earth is in that part of her orbit nearest to 
Jupiter, than it does when the earth is in that part of her or- 
bit at the greatest distance from him. Hence light is found 
to be sixteen minutes in crossing the earth's orbit, and as the 
sun is in the centre of this orbit, or nearly so, it must lake 
about 8 minutes for the light to come from him to us. Light, 
therefore, passes at the velocity of 95 millions of miles, our 
distance from the sun, in alwut 8 minutes, which is rcarly 200 
thousand miles in a second j 

^aturn. 
The. planet Saturn revolves round the sun in a period of 
(^bout^ of our jrcars'J^and at the diatance from him, of /W) 
millions of milesTS His diameter is ^9,000 milesjmaking his 
oulk nearly nine htmdred times greater than that-^f the earth, 
but notwithstanding this vast size, he revolves on his axis 
once in about ten hours. Saturn therefore performs upwards 
of 25,000 diurnal revolutions in one of his years, and \ence 
his year consists of more than 25,000 days ; a period o. lim^ 
equal to more than 10,000 of our days. On account of the 
remote distance of Saturn from the^ sun, he receives only 
about a 90th part of the heat and light which we enjoy on the 
earth. Bui to compensate, in some degree, for this vast dis* 
tanc e from the sun, Saturn has seven moons, wh ich revolve 

What occafflons the eciiMes of Jupiter's moons 1 Of what use are these 
ecfipses to astronomerB ? How is the Telocity of Ught ascertained by the 
edipees of Jupiter's sateUites 1 What is the time of l^um's periodic rcvolu- 
don ironnd the sunl What is his distance from the sun 1 What his diame- 
terl What is the pcnod of his diurnal levohition 7 How many days «*»hm 
AlwratSATuiDif 
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rornid him at difierent distances, and at various periods, froin 
I to 90 days. 

Satum is disUnfruished from the other planets by his ring-, 
as Jupiter is. by hia belt. When thia planet is viewed through 
a telfscope, he appears surrounded by an immense luminous 
circle, which is reMesented by fig. 1S6. 

Figiet There are in- 

deed two luminous 
circles, or rine^ 
one within 3>e 
other, with a dark 
space between 
tnein, so that they 
do not appear lo 
tiioch each other. 
either does ths 
inner rini; touch the body of the planet, there being, hy estima- 
tion, aboiK the dislqnce of 30,000 miles between them. The 
external circumference of the outer ring is 640,000 miles, and 
its breadth from the outer to the inner circumference, 7,300 
miles, or nearly the diameter of our eartti. The dark space, 
between the two rintra, or the interval between the inner, and 
outer ring, is 2800 miles. 

This immense appendage revolves round the sun with the 

Elanet, — performs daily revolutions with it, and according to 
Ir. Herschel, is a solid substance, equal in density to the body 
of the planet itself. 

The design of Saturn's ring, an appendage so vast, and so 
diflercnt from any thing presented by the other planets, has 
alwa)'sbeen a matter of speculation and inquiry among astron- 
omers. One of its most obvious uses appears to be that of 
reflecting the light of the sun on the body of the planet, aud 
' possibly it may reflect the heat ahu, so as in some degree to 
soften the rigour of so inhospitable a climate. 

As this planet revolves around the sun, one of its sides is 
Huminated during one half of the y^r, and the other side 
during the other half; so that, as datum's year is equal to 
thirty of our years, one of his sides will be enlightened and 
darkened, alternately, every fifteen years, as the poles of our 
earth are alternately in the light and dark every year. 

How iniin^ moooi has Saturn 1 How ia Satuni pBrticiiliu'ly dutinnrialira 
from kH the other planets 1 What JiOanee is Ihen between the body of 
Saturn uid hn iniwf ting 1 What iliitance !■ there betwetm bk inner tuid 
iMUroDgl Wlut ii tha dicum&ience of the outer ling 1 



ins. 1 
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3? repreunU S«t 
«n by ttn eye pis 
ght ftngles to the 

his ring.. When 
im the earth, his 
ia always obliqae, 
sented bj^ fig. ISA. 
inner while circle, 
la the body of the 
itihehtened by th« 
he dark circle next 
i the unenlightened 
;tween the body of 
let and llie inner 
: dark ex- 
: hearena be- 

e the ringit of the 

Slanet, with the dark space between them, which also is the 
ark expanse of the heavena. 

Hersckel. 

In consequence of some inequalities in the motions of Ju 

piter and Saturn, in their orbits, several astronomers had sui^ 

pected that there existed another planet beyond the orbit ot 

Saturn, by whose attractive influence these irregularitiea wer« 

C reduced. This conjecture was confirmed by Dr. Herschel, . 
1 1761, who in chat year discovere<l the planet, which is now 
generally known by the name of its discoverer,, though called 
by him Georgium sidus. The orbit of Herschel is beyond 
that of Saturn, and at the distance of 1800 millions of miles 
from the sun. To the naked eye this planet appears like s 
star of the sixtli magnitude, being, with the exception of some 
of the comets, the most remote iiody, so far as is known, in 
the solar system. 

Herschel completes his revolution round the sun in nearly 
84 of our years, moving in his orbit at the rate of 15,000 miles 
in an hour. His diameter is 35,000 miles, so that his bulk is 
tbout eighty times tbut of the earth. The light and heat of 

How long IB oni of Situm's nilcfl ahemBtely in the li^ ht and dark 1 In 
whit positi'iii U Saturn represented by 6g. I87l What circumstaDce Ifd to 
tbedlaeOTeryofHenchdl In what year, and by whom, wag Herschel diaco- 
•«nd 1 wW k the iflitanoe of Uencbel tVom the nin 1 In what period ia 
" ' '' aptrbroBd \ What is the diameter of Benchell 
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M e sun at Henchel h about 960 times leas than it ia at tha 
earth, and yet it has been fonml by caleulatioii, that this li|ht 
is equal to 248 of our full moons* a stitidng proof of the in- 
conceivable quantity qf light emitted by the sun. 

This planet has six satellites, wMeh reyolve round hkn at 
rarious distances, and in different times. The periods of 
some of these have been ascertained, while those ofthe others 
remain unknown. 

ng.lSft 




Having now given a short account of each planet composfan^ 
the solar system, the relative situation of their several orbits, wim 
the exception of those of the Asteroids, are shown by fig. 189. 

In the figure, the orbits are marked by the wgns <w each 

What ia the quantity of fight and heat at Hflwdwl, when oooii|isml 
with that of the earth 1 
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planely of wUeh die fifst, or dmt nearest the smi, is Mercury, 
Ihe next Venus, the third the Earth, the fourth Mara ; then 
oome those of the Asteroids, then Jupiter, then Saturn, and 
lasUv HerscheL 

The comparatiTe dimensions of the phinets are delineated 
at fig. 189. 

Fig. 189. 







Motions of the Planets^ 

It is said tliat when Sir Isaac Newton was near demonntra 
ting the great truth, that gravity is the cause which keeps 
the heavenly bodies in their orbits, he became so agitated with 
the thoughts of the magnitude and consequences of his disco- 
very, as to be unable to proceed with liis demonstrations, and 
desired a friend to finish what the intensity of his feelings 
would not allow him to complete. 

Wo have seen, in a former part of this work, that all undis- 
turbed motion is straight forward, and that a body projected 
into open space, would continue, perpetually, to move in a 
right line, unless retarded or drawn out of this course by 
some external cause. 

To account for the motions of the planets in their orbits, 
we will suppose that the earth, at the time of its creation, was 
thrown by the hand of the Creator into open Sj «ce, the sun 
having been before created and fixed in his present place. 

Under Compound Motion^ it has been shown, that when a 
body is acted on by two forces peipendicular to each other, 
its motion will be in a diagonal line between the direction, of 
the two forces. 
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f%. IM. But we will amin here rap- 

pose that a ball oe moviiiff in 
the line m x, fie. 190, wiOi a 
ffiven force, and that anotlier 
force half as great should strike 
it in the direction of n, the 
ball would then describe the 
diagonal of a parallelograniy 
whose length would be just equal to twice its breadth, and 
the line of the ball would be straight, because it would obe^ 
the impulse and direction of these two forces only. 

Fig. 19L Now let a, fig. 191, re- 

present the earth, and 8 
tlie sun ; and suppose the 
earth to be moving for- 
ward, in the line from a to 
5, and to have arrived at 
a, with a velocity sufficient, 
in a ffiven time, and with- 
out disturbance, to have 
carried it to b. But at the 
point a, the sun iS acts upon 
the earth with his attractive 
power, and with a force 
which would draw it to c, 
in the same space of time that it would otherwise have gone 
to h. Then the earth, instead of passing to b^ in a straight 
line, would be drawn down to J, the diagonal of the paralle- 
logram a, 5, d, c. The line of direction, in fig. 190, is straight, 
because the body moved obeys only the direction of the two 
forces, but it is curved from a to J, Ag. 191, in consequence of 
the continued force of the sun^s attraclion, which produces a 
constant deviation from a right line. 

When the earth arrives at d, still retaining its projectile or 
centrifugal force, its line of direction would be towards n, 
but while it would pass along to n without disturbance, the 
attracting force of the sun is again sufiicient to bring it to e« 
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io afeMigfat Hae, lo that, io obedience to the twe impabeB, it 
•gain deteribes the curre to o. 

It mint be remembered, in order to aocount for the drcnkur 
motions of the planets, that the attraetiTe foree of ihe sun ia 
not exerted at once, or hj a single impulse, as is the case with 
the cross forces, producmg a straight line, but that this force 
is imparted l^ deflrrees, and is constant It therefore acts 
equally on the earm, in all parts of the course from ato d, and 
from a to o. From o, the earth having the same impulses as 
before, it moves in the same curved or circular direction, and 
thus its motion is continued perpetually. 

The tendency of the earth to move forward in a straight 
Kne, is called the centrifugal force^ and the attraction of the 
sun, by which it is drawn downwards, or towards a centre, is 
called its centripetal force^ and it b by these two forces that 
the planets are made to perform their constant revolutions 
around the sun. 

In the above explanation, it has been supposed that the 
sun*s attraction, which constitutes the earth's cavity, was at 
all times equal, or that the earth was at an equal distance from 
the sun, in all parts of its orbit But, as heretofore explained, 
the orbits of all the planets are elliptical, the sun being placed 

in the lower focus of the 
eclipse. The sun's attrac- 
tion is, therefore, strongei 
in some parts of their or- 
bits than in others, and for 
this reason their velocities 
are greater at some periods 
of their revolutions than at 
others. 

To make thb under- 
jftood, suppose, as before, 
that the centrifugal and 
centripetal forces so bal* 
ance each other, that the 
earth moves round the cir 
cular orbit a e h^ fig. 19% 

What IB the piojectile force of the earth called % What ia the altncti^ 
force of the aaii) which drawa the earth towards him, called t Explain fig. 
192, and ahow tiie reaaon why the velocity iaincreaaed from c to ^, and why 
k ia not retaided from <f to ^. 
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•Atil it comes to the point e ; and at this point, let us 8iii>pose, that 
the gravitating force is too strong for tne force of projection, so 
that the earth, instead of continuing its f6rmer direction towards 
bj is attracted by the sun s, in the curve e c. When at c, the line 
of the earth's projectile force, instead of tending to carry it &rther 
^rom the sun, as would be the case, were it revolving in a circular 
orbit, now tends to draw it still nearer to him, so that at this 
point, it is impelled by both forces towards the sun. From c, 
therefore, the force of gravity increasing in proportion as the 
square of the distance between the sun and earth diminishes, 
the velocity of the earth will be uniformly accelerated, until 
it arrives at the point nearest the sun, d. At this part of its 
orbit, the earth will have gained, by its increased velocity, so 
much centrifugal force, as to give it a tendency to overcome 
the Hun's attraction, and to fly off in the line d o. But the 
sun's attraction being also increased by the near approach of 
the earth, the earth is retained in its orbit, notwitnstandinff 
its increased centrifugal force, and it therefore passes through 
the opposite part of its orbit, from d to g, at the same distance 
from him that it approached. As the earth passes from the 
sun, the force of gravity tends continually to retard its motion, 
as it did to increase it while approaching him. But the velocity 
it had acquired in approaching the sun, gives it the same rate 
of motion from d to g, that it had from c to d. From g, the 
earth's motion is uniformly retarded, until it again ^arrives ate, 
the point from ivhich it commenced, and from whence it de- 
scribes the same orbit, by virtue of the same forces, as before. 

The earth, therefore, in its journey round the sun, moves at 
very unequal velocities, sometimes being retarded, and then 
again accelerated by the sun's attraction. 

It is an interesting circumstance, respecting the motions ot 
tlie planets, that if tne contents of their orbits be divided into 
unequal triangles, the acute angles of which centre at the sun, 
with the line of the orbit for their bases, the centre of the 
planet will pass through each of these bases in equal times. 

This will be understood by fig. 193, the elliptical circle be- 
ing supposed to be the earth's orbit, with the sun 5, in one ot 
the foci. 

Now the spaces I, 2, 3, d&c. though of different shapes, are 
of the same dimensions, or contain the same quantity of sur 



What is meant by a planet's paniiig thiough equal spaces in ecjaal timet 1 
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F^. 193. &ee. The eardi, we haT« 

already seen, in ila journey 
round the sun, describes an 
ellipse, and moves more ra- 
pidly hi one part of its orbit 
than in another. But what- 
ever may be its actual velo- 
city, its comparative motion 
is through e(|ual areas in 
equal times. Thus its cen 
^ tre passes from E to C, and 
jQrom C to A, in tlie same pe- 
riod of time, and so of all 
the other divisions marked 
in the figure. If the fi«rure, 
therefore, Se considercu ine 
plane of the earth's orbit, 
divided ir« 12 equal areas, 
tnswering to the 12 months of the year, the earth will pass 
through the same areas in every month, but the spaces through 
which it passes will be increased, during every month, for one 
half the year, and diminished, during every month, for the 
other half. 

The reason why the planets, when they approach near the 
sun, do not fall to him, in consequence of his increased attrac- 
tion, and why they do not fly oflT into open space, when they 
recede to the greatest distance from him, may be thus ex- 
plained. 

Taking the earth as an example, we have shown, that when 
in the part of her orbit nearest the sun, her velocity is greatly 
mcreased by his attraction, and that consequently the earth's 
centrifugal force is increased in proportion. As an illustra- 
don of this, we know that a thread which will sustain an 
ounce ball when whirled lound in the air, at the rate of 50 
revolutions in a minute, would be broken, were these revolu- 
tions increased to the number of 60 or 70 in a- minute, and 
that the ball would then fly ofl^ in a straight line. This shows 
that when the motion of a revolving body is increased, its cen- 

How ig it shown, that if the motion of a revolving body is increased, its 
projectile force is also increased? By what foroe is the eartii's velocity in- 
erdsaed, as it approaches the sun t When the earth is nearest the sun, why 
does it not fiJI to him 1 When the eaith's. oentiiAigal fiwce is greatest, what 
yvfveiits its flying to the sun 1 
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trifiigal force is also increased. Now, the Telocity of the 
earUi increases in an inverse proportion, as its distance (roxp 
the sun diminishes, and in proportion to the increase of Teloci- 
ty is its centrifugal force increased ; so that, in any other part 
of its orbit, except when nearest the sun, this increase oi 
Telocity would carry the earth away from its centre of attrac- 
tion, ^ut this increase of the earth's velocity is caused by 
its near approach to the sun, and consequently the sun's at- 
traction is increased, as well as the earth's velocity. In other 
terms, when the centrifugal force is increased, the centripetal 
force is increased in proportion, and thus while the centrifu- 
gal force prevents the earth from falling to the sun, the cen- 
tripetal force prevents it from moving off in a straight line. 
When the earth is in that part of its orbit most distant from 
the sun, its projectile velocity being retarded by the counter 
force of the sun's attraction, becomes greatly diminished, and 
then the centripetal force becomes stronger than the centrifu- 
gal, and the earth is again brought back by the sun's attrac- 
tion, as before, and in this manner its motion goes on without 
''.easing. It is supposed, as the planets move through spaces 
void of resistance, that their centrifugal forces remain the 
same as when they first emanated from the hand of the Crea- 
tor, and that this force, without the influence of the sun's al> 
traction, would carry them forward into infinite space. 

The Earth. 

It is almost universally believed, at the present day, that 
the apparent daily motion of the heavenly bodies from east to 
west, is caused by the real motion of the earth from west to 
east, and yet there are comparatively few who have examined 
the evidence on which this belief is founded. For this rea- 
son, we will here state the most obvious, and to a common 
observer, the most convincing proofs of the earth's revolution. 
These are, first, the inconceivable velocity of the heavenly 
bodies, and particularly the fixed stars around the earth, if she 
stands still. Second, the fact, that all astronomers of the 
present age agree that every phenomenon which the heavens 
present, can be host accounted for, by supposing the earth to 
revolve. Third, the analogy to be drawn from many of the 
other planets, which are known to revolve on their axes; and 
fourth, the different lengths of days and nights at the different 

What are the moit obvious and oonvincing pzoofii that the earth vevolvw 
«nita axkl 
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£inet8| for did the sun revolve about the eokr sjreleiny the 
ye and nights at many of the planets must be of similar 
lensths. 

The distance of the sun from the earth being 95 millions 
of miles, the diameter of the earth's orbit is twice its distance 
from the sun, and, therefore, 190 millions of miles. Now, the 
diameter of the eailh's orbit, when seen from the nearest fixed 
star, is a mere point, and were the orbit a solid mass ol 
(^Mique matter, it could not be seen, with such eyes as ours, 
from such a diatance. This is known by the fact, that these 
stars appear no larger to us, even when our sight ia assisted 
by the tMest telescopes, when the earth is in- that part of her 
orbit nearest them, than when at the greatest distance, or in 
the opposite part of her orbit The approach, therefore, oi 
190 millions of miles towards the fixed stars, is so small a 
part of their whole distance from us, that it makes no per- 
ceptible difference in their appearance. Now, if the eartli 
does not turn on her axis once in 24 hours, these fixed stars 
must revolve around the earth at this amazing distance once 
in 24 hours. If .the sun passes around the earth in 24 hours, 
he must travel at the rate of nearly 400,000 miles in a minute ; 
but the fixed stars are at least 400,000 times as far beyond 
the sun, as the sun is from us, and, therefore, if they revolve 
around the earth, must go at the rate of 400,000 times 400,- 
000 miles, that is, at the rate of 160,000,000,000, or 160 bil- 
lions of miles in a minute ; a velocity of which we can have 
no more conception than of infinity or eternity. 

f n respect to the analogv to be drawn from the known revo- 
lutions of the other planets, and the different lengths of days 
and nights among them, it is sufficient to state, that to the in- 
habitants of Jupiter, the heavens appear to make a revolution 
in about 10 hours, while to those of Venus, they appear to 
revolve once in 23 hours, and to the inhabitants of tne other 
planets a similar difference seems to take place, depend- 
ing on the periods of their diurnal revolutions. Now, 
there is no more reason to suppose that the heavens revolve 

Wev« the earth's orbit a scSad mass, could it be seen by us, at the distance 
of the fixed stars 1 Suppofle the earth stood still, how fkst must the son 
move to go round it in ii hours 1 At what rate must the fixed stam move 
In 00 round the earth in 24 hours 1 If the heavens appear to revolve every 
10 WWfa «l Jupiter, and every 34 hours at the earth, how can this difference 
be aoooiinled ibr, if they revolve at all t Is there any more reason to believe 
dwl thi sua Mvolves round the earth, than round any of the othrr planets ? 
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round uSi than there is to suppose that they revolve around 
any of the other planets^ since the same apparent revolution 
is common to them all, and as we know that the other planets, 
at least many of them, turn on their axes, and as all tne phe- 
nomena presented by the earth, can be accounted for by such 
a revolution, it is folly to conclude otherwise. 

Circles and Divisions of the Earth 

It will be necessary for the pupil to retain in his memory 
the names, and directions of the following lines, or circles, by 
which the earth is divided into parts. These lines, it must 
be understood, are entirely imaginary, there being no such 
divisions m^ked by nature on the earth's surface. They are, 
however, so necessary, that no accurate description of the 
earth, or of its position with respect to the heavenly bodies, 
can be conveyed without them. 

Fig. 194. The earth, whose 

diameter is 7912 miles, 
is represented by the 
globe, or sphere, fig. 
194. The straight line 
passing thro' its centre, 
and about which it 
turns, is called its oMs^ 
and the two extremities 
of the axis are the poles 
of the earth, A oeinff 
the north pole, and B 
the south pole. Tlie 
line C D, crossing the 
axis, passes quite round 
die earth, and divides 
it into two equal parts. 
This is called the equinoctial line^ or the equator. That part 
of the earth, situated north of this line, is called the Twrthem 
hemisphere^ and that part south of it, the southern hemisphere. 
The small circles E F, and .6 H, surrounding or including 
the poles, are called the polar circles. That surrounding the 
Qortn pole is called the arctic circle, and that surrounding the 

How can all the phenomena of the heavens he aoconnted for, if th^ do 
not leyolvel What is Che axis of the earth? What are the noles of the 
eaith 7 What is the equatorl Where are the northern and aoutliem hemiiH 
phcrel What an the polar cipcles '? 

20 
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■oath, the antarHc cirde. Between dieee ctrdes, there is* 
on each side of the equator another circle^ which marks the 
extent of the tropics towards the north and south, from the 
equator. That to the north of die equator, I K, is called the 
tropic of Cancer^ and that to the south, L M, tiie h'opic of 
Ckipricom, The circle L K, extending obliquely across the 
two tropics, and crossing the axis of the earth, and the equa- 
tor at tneir point of intersection, is called the ecUvtic. This 
circle, as already explained, belongs rather to tne heavens 
than the earth, being an imaginary extension of the plane o\ 
the earth's orbit in every direction towards the stars. The 
line in the iiffure, shows the comparative position ^r direction 
of the ecliptic in respect to the equator, and the axb of the 
earth. 

The lines crossing those already described, and meeting at 
the poles of the earth, are called meridian lines, or mid^a^ 
lines, for when the sun is on the meridian of a place, it is 
the middle of the day at that place, and as these lines extend 
from north to south, the sun shines on the whole length of 
each, at the same time, so that it is 12 o'clock, at the same 
time, on every place situated on the same meridian. 

The spaces on the earth, between the lines extending from 
east to west, are called zones. That which lies between the 
tropics, from M to K, and from I to L, is called the torrid zone^ 
because it comprehends the hottest portion of the earth. The 
spaces which extend from the tropics, north and south, to the 
polar circles, are called temperate zones, because the climates 
are temperate, and neither scorched with the heat, like the 
tropics, nor chilled with the cold, like the frigid zones. Thai 
lying north of the tropic of Cancer, is called the north temper 
rate zone, and that south of die tropic of Capricorn, the south 
temperate zone. The spaces inclnded within the polar circles, 
are called the frigid zones. The lines which divide the globe 
into two equal parts, are called the greai circles ; these are the 
ecliptic and the equator. Those dividing the earth into small- 
er parts are called the lesser circles ; these are the lines divi- 
ding the tropics from the temperate lones, and the temperate 
zones from the frigid zones, d&c* 

Which is the arctic, and which the antarctic circlet Where is .the tropia 
of Cancer, and where the tropic of Caprioom 1 What is the eeCptic t 
MHiat are the meridian lines 1 On what put of the earth is the tonid zone 1 
How are the north and south temperate zones bounded 1 Wherp are the firjl^ 
sones 7 Which are the greai, and which the lesser cMiM of the Mitht 
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The ecliptic, we have already seen, is divided into 300 
equal parts, called degrees. All cirdes, however large or 
small, are divided mto degrees, minutes, and seconds,' in the 
same manner as the ecliptic. 

The horizon is distinguished into the sensible and rationdL 
The sensible horizon is that portion of the surface of the 
earth which bounds our vision, or the circle around us, where 
the sky seems to meet the earth. \ When the sun rises, he 
appears abpve the sensible horizon, and when he sets, he sinks 
below it. i. The rational horizon is an imaginary line passing 
through the centre of the earth, and dividing it into two equiu 
parts. N . / . 

The (ixis of the eclipticfis an imaginary Hm passing through 
its centre and perpendicular to its plan(^ ^'he extremities of 
this perpendicular line/ are called the pAes of the ecliptic. 

If the ecliptic, or great plane of the earth's orbit, be con- 
sidered on tne horizon, or parallel with it, and the line of the 
eartli's axis be inclined to the axis of this plane, or the axis of 
the ecliptic, at an angle of 23i degrees, it will represent the 
relative positions of the orbit, and the axis of the earth. 
These positions are, however, merely relative, for if tf'e posi- 
tion of the earth's axis be represented i ei] dtdiciilij to the 
equator, as A B, fig. 194, then the ecliptic wiil cross this plane 
obliquely, as in that figure. But when the earth*s orbit is 
considered as having no inclination, its axis, of course, will 
' have an inclination, to the axis of the ecliptic, of 231 degrees. 

As the orbits of all the other planets are inclined to the 
ecliptic, perhaps it is the most natural and convenient method 
to consiuer this as a horizontal plane, with the equator inclin- 
ed to it, instead of considering the equator on the plane of 
the horizon, as is sometimes done. 

The inclination of the earth's axis to the axis of its orbit 
never varies, but always makes an angle with it of 231 de- 
crees, as it moves round the sun. Toe axis of the earth is 
tiierefore always parallel with itself. That is, if a line be 
drawn through the centre of the earth, in the direction of its 
axis, and extended north and south, beyond the earth s diame- 

How are ciicles divided 1 How is the sensible horizon distingoiahed from 
the rational 1 What is the axis of the ecliptic 1 What are the poles of the 
ecfiptic 1 How many degrees is the axis of the earth inclined to that of the 
ecliptic 1 What is said concerning the relative positions of the earth's azk 
and the plane of the ecfiptic 1 Are the orUts of the other planets parallel to 
the earth's orbit, or inelmed to iti What is meant by the earth's axis being 
parallel to itsdf? 



ier« die Hne so produced will always be pendlel to the nune 
Ime, or any number of fines, so drawn, when the earth is in 
different parts of its orbit. 

Suppose a rod to be fixed into the flat surface of a table, and 
so inclined as to make an an^le with a perpendicular from the 
table of 23i degrees. Let this rod represent the axis uf the 
earth, and the surface of the table, the ecliptic. Now place on 
the table a lamp, and round the lamp hold a wire circle three or 
four feet in diameter, so that it shall be parallel with the plane 
of the table, and as high above it as the flame of the lamp. 
Harinff prepared a small terrestrial globe, by passing a wire 
through It for an axis, and letting it project a few inches each 
way, for the poles, take hold of the north pole, and carry it 
round the circle, iWth the poles constantly paraUel to the rod 
rising above the table. The rod being inclined 23i degrees 
from a perpendicular, the poles and axis will be inclined in 
the same degree, and thu? the axis of the earth will be inclined 
to that of the ecliptic every where in the same degree, and 
lines drawn in the direction of the earth's axis will be parallel 
to each other in any part of its orbit 

F|g. 195. 




This vnil be underatood by &g, 195, where it will be seen. 

How does it appesir by fig. 195, that the axis of the earth is parallel to 
kadfj in all pans of its orbit 1 How are the annual and diurnal revolutions 
sf the earth illustrated hyGg.1%1 
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that the poles of the earth, in the se^reral positions of A, A, €, 
and D, being equally inclined, are parallel to each other. 
Supposing the lamp to represent the sun, and the wire circle 
the earth s orbit, the actual positioti of the earth, during its 
annual revolution around the sun, will be comprehended : and 
if the globe be turned on its axis, while passing round the 
lamp, the diurnal or daily revolution of the earth will also be 
represented. 

Day and Night, 

Were the direction of the earth's axis perpendicular to the 
plane of its orbit, the days and nights would be of equal length 
all the year, for then just one half of the earth, from pole to 
pole, would be enlightened, and at the same time the other 
tialf would be in darkness. 

Fig. 196. 





Suppose the line s o, fig. 196, from the sun to the earth, to 
be the plane of the earth's orbit, and that n s, is the axis of 
the earth perpendicular to it, then it is obvious, that exactly 
the same points on the earth would constantly pass through 
the alternate vicissitudes of day and night ; for all who live on 
the meridian line between n and s, which line crosses the 
equator at o, would see the sun at the same time, and conse- 
quently, as the earth revolves, would pass into the dark hemi- 
sphere at the same time. Hence in all parts of the globe, the 
days and nights would be of equal length, at any given place. 

Now it is the inclination of the earth's axis, as- above de- 
scribed, which causes the lengths of the days and nights to 
differ at the same place at different seasons of the year, for on 
reviewing the position of the globe at A, fig. 195, it will be 
observed, that the line formed by the enlightened and dark 

Explain, by fig. 196, why the da^s and nights would ^verywher^ be equal, 
weie the axis of the earth perpendicular to tne plane of his orbit. Whtat is 
the cause of the unequal lengths CKf the days and nights in different parts oi 
the world 1 
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hembpheret, does not coincide with the line of the axis and 
p^ea, aa in fig. 196, but that the line formed by the darkness 
and the light, extends obliquely across the line of the earth's 
axis, so tbt the north pole is in the light, while the south is in 
die dark* In the position A, there^re, ,an observer at the 
north pole woidd see the sun constantly, while another at the 
south pole, would not see it at all. Hence those living in the 
north temperate zone, at the season of the year when the 
earth b at A, or in the summer, would have long days and 
short nights, in proportion as they approached the polar circle; 
while those who live in the soutn temperate zone, at the same 
time, and when it would be winter there, would have long 
nights and short days in the same proportion. 

SeasoTis of the year. 
The vicissitudes of the seasons are caused by the annual 
revolution of the earth around the sun, together with the in- 
clination of its axis to the plane of its orbit. 

It has already been explained, that the ecliptic is the plane 
of the earth's orbit, and is supposed to be placed on a level 
with the earth's horizon, and nence, that this plane is con- 
sidered the standard, by which tlie inclination of the lines 
crossing the earth, and the obliquity of the orbits of the other 
planets, are to be estimated. 

The equinoctial line, or the great circle passing round the 
middle of the earth, is inclined to the ecliptic, as well as the 
line of the earth's ^is, and hence in passing round the sun, 

the equinoctial line 
intersects, or cros- 
ses the ecliptic, in 
two places, opposite 
to each other. 

Suppose a h, fig. 
197, to be the eclip- 
tic, efj the equator, 
and c (2, the' earth's 
axis. The ecliptic 
and equator are 
supposed to be seen 
edgewise, so as to 
appear like lines 

What •» ths nmm which prodoee the udtmaim of the ywurl hi lAtJ 
faiilion b the sfoator, wkk iwpMt to tfaa «^|itie 1 
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instead of circles. Now it will be understood by the figure that 
tne inclination of the equator to tiie ecliptic, (or the 9un*s ap- 
pirent annual path through the heavens,) will cause these 
lines, namely, the line of the equator and the line of the eclip- 
tic, to cut, or cross each other, as the sun makes his appa- 
rent annual revolution, and that this intercession will happen 
twice in the year, when the earth is in the two opposite 
points of her orbit. 

These periods are on the 21st of March, and the 21st of 
September, in each year, and the points at which the sun is 
seen at these times, are called the equinoctial points. That 
which happens in September is called the autumnal equinox, 
and that wnich happens in March, the vernal equinox. At 
these seasons, the sun rises at 6 o'clock and sets at 6 o'clock, 
and the days and nights are equal in length in every part of 
the fflobe. 

Trie solstices are the points where the ecliptic and the 
equator are at the greatest distance from each other. The 
earth, in its yearly revolution, passes through each of these 
points. One is called the summer^ and the other the winter 
solstice. The sun is said to enter the summer solstice on the 
21st of June ; and at this time, in our hemisphere, the days 
are longest, and the nights shortest On the 21st of Decem- 
ber he enters his winter solstice, when the length of the days 
and nights are reversed from what they were in June before, 
the days being shortest and the nights longest 

Having learned these explanations, the student will be able 
to understand in what order the seasons succeed each other, 
and the reason why such changes are the effect of the earth's 
revolution. 

Suppose the earth, fiff. 196, to be in her summer solstice, 
which takes place on the 21st of June. At this period she 
will be at a, naving her north pole, n, so inclined towards the 
sun, that the whole arctic circle will be illuminated, and con- 
sequently the sun's rays will extend 231 degrees, the breadth 
of the polar circles, beyond the north pole. The diurnal revo* 

At what timeg in the year do the fine of the edipCie and that of the equi- 
nox intersect each other 1 What are theee pointe of intenection called 1 
Which IB the autumnal and which the wxnal equnioz 1 At what time does 
the sun riae and set, when he is in the equinoxeal What are the lobtioesl 
When the sun enters the summer solslioe, what is said of the length of the 
days and nightsi When does the sun enter the winter solrtioe, uiid what b 
the pvopoition between the length of the day and nights 1 
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lution, therefore, when the earth is at a, causes no sucee^^ion 
of day and ni^ht at the pole, since the whole frigid zone is 
within reach of his rays. The people who live within the 
arctic circle, will consequently, at this time, enjoy perpetual 
day. During this period, just the same proportion of the 
earth that is enlightened in the northern hemisphere, will be 
in total darkness in the opposite region of the southern hemi- 
sphere ; so that while the people of the north are blessed with 
perpetual day, those of the south are groping in perpetual 
nignt. Those who live near the arctic circle in the north 
temperate zone, will, during the winter, come, for a few hours, 
within the region of night, by the earth's diurnal revolution ; 
and the greater the distance from tlie circle, the longer will 
be their nights, and the shorter their days. Hence, at this 
season, the days will be longer than the nights every where 
between the equator and the arctic circle. At the equator, 
the days and nights will be equal, and between the equator 
and the south polar circle, the nights will be longer than the 
days, in the same proportion as the days are longer than the 
nights, from the equator to the arctic circle. 

At what seftBon of the ye&r is the whole arctic drcle illuiiunated ? At 
what fleason is the whole antarctic circle in the dark 1 While the people 
near the nofth pole enjoy perpetnai day, what is the situation of those near 
tiM south pole? At what season will tJie days he longer than the nights 
emfty when brtw«en the equator and the ajetic circle ] At what season wiQ 
the nights he longer ^ad tbs dajn iathe souibfiin he«iisphere1 



As die eartfi moves round the sun* die Use which divideB 
the* darkness, and the light, gradually approaches the poles* 
till haying performed one quarter of ner yearly journey from 
the point a, she comes to by ahout the Slst of September. At 
Uiis time, the boundary of light and darkness passes throus^ 
the poles, dividing the earth equally from east to west ; 
and thus in every part of the world the days and. nights are of 
equal length, the sun being 12 hours alternately above and 
below the horizon. In this position of the earth, the sun is 
Baid to be in the autumnal equinox. 

In the progress of the earth from b to c, the light of the sun 
mdually reaches a little more of the antartic circle. The 
aays, therefore, in the northern hemisphere, grow shorter at 
every diurnal revolution, until the 21st of December, when 
the whole arctic circle is involved in total darkness. And 
now, the same places which enjoyed constant day in the June 
before, are involved in perpetual night. At this time, the 
sun, to those who live in the northern hemisphere, is said to 
be in his winter solstice ; and then the winter nights are just 
as long as were the summer days, and the winter days as long 
as the summer nights. 

When the earth has gone another quarter of her annual 
journey, and has come to the point of her orbit opposite to 
where she was on the 21st of September, which happens on 
the 21st of March, the line dividing tl\e light from the dark- 
ness again passes through both poles. In this position of the 
earth with respect to the sun, the days and nights are again 
equal all over the world, and the sun is said to be in his verna^ 
equinox. 

From the vernal equinox, as the earth advances, the nortli- 
em hemisphere enjoys more and more light, while the southern 
fails into the region of darkness, in proportion, so that the 
days north of the equator increase in length, until the 21st of 
June, at which time, the sun is a^ain longest above the hori- 
zon, and the shortest time below it 

Thus the apparent motion of the sun, from east to west, is 
caused by the real motion of the earth from west to east If 

When win the days and nights be equal in all parts of the earth 1 At 
what season of the year is the whole arctic circle involved in darkness % 
When are the da;pi and nights equal all over the world 1 When is the sun 
n the vernal equinox ? What is the cause of the apparent motion of the 
sun irom east to west 1 What is the apparent path of the sun, but the leal 
JWth of the earth 1 



dM 6trth i« in anj point of its oiUt» the mm will alwm seen 
in the opposite point in the heavens. When the earth moTes 
one degree to the west, ihe sun seems to move the same dis- 
tance to the east ; and when the earth lias completed one re- 
velation in its orbitv the sun appears to have completed a re- 
velation through the heavens. Hence, it follows, that the 
ecliptic, or the apnarent path of the sun through the heavens, 
to ihe real path or the earth round the sun. 

It will be observed by a careful perusal of the above expla- 
nation of the seasons, and a close mspection of the figure by 
which it is illustrated, that the sun constantly shines on a 
portion of the earth equal to 90 degrees north, and 90 degrees 
south from his place in the heavens, and consequently, that 
he always enligntens 180 degrees, or one half of the earth. 
li, therefore, the axis of the earth were perpendicular to the 
plane of its orbit, the days and nights would every where be 
equal, for as the earth performs its diurnal revolutions, there 
would be 12 hours day, and 12 hours night But since the 
inclination of its axis is 23| degrees, the light of the sun is 
thrown 234 decrees beyond the north pole; that is, it enlighU 
ens the earth 231 degrees further in tnat direction, when the 
north pole is turned towards the sun, than it would, had the 
earth*s axis no inclination.* Now, as the sun's lisht reaches 
only 90 degrees north or south of his place in the heavens, so 
when the arctic circle is enlightened, the antartic circle 
must be in the dark ; for if the fifht reaches 234 degrees be- 
yond the north pole, it must fall 234 degrees short of the south 
pole. 

As the earth travels round the sun, in his yearly circuit, 
this inclination of the poles is alternately towards, and from 
him. During our winter, the north polar region is thrown 
beyond the rays of the sun, wliile a corresponding portion 
around the south pole enjoys the sun's light. And thus at 
Uie poles there are alternately six months of darkness and win- 
ter, and six months of sunshine and summer. While we, in 
the northern hemisphere, are chilled by the cold blasts of 
winter, the inhabitants of tlie southern hemisphere are enjoy- 
ing all the delights of summer ; and while we are scorched 

ELad the earth's axis no inclination, why would the days and nighta 
alwayi be equal 1 How many de^^rees does the son's light reach, north and 
ioath of him, on the earth 1 Dnnng our winter, is the nordi pole turned to, 
or ftom the sun 7 At the poles, how many days and nights are th^e in the 
yearl When it b winterm the northern banusphen^ what is the seasoii ia 
tfas scwthem hemts^diefs 1 



bj the rays of a vertical sun in June and July, our sootberB 
neighbors are shivering with the rigors of mid-winter. 

At the equator, no such changes take place. The rayi of 
die sun, as the earth passes around him, are vertical twice a 
3rear at every place between the tropics. Hence, at the equa- 
tor, there are two summers and no winter, and as the sun 
there constantly shines on the same half of the earth in suc- 
cession, the days and nights are always equal, there being 19 
hours of light, and 1 2 of darkness. 

Motion of the Earth. — ^The motion of the earth round the 
sun, is at the rate of 68,000 miles in an hour, while its motion 
on its own axis, at the equator, is at the rate of about 10^ 
miles in the hour. The equator, being that part of the earth 
most distant from its axis, the motion there is more rapid 
than towards the poles, in proportion to its greater distance 
from the axis of motion. See fig. 16. 

The method of ascertaining the velocity of the earth's mo- 
tion, both in its orbit and round its axis, is simple, and easily 
understood ; for by knowing the diameter of the earth's or- 
bit, its circumference is readily found, and as we know how 
long it takes the earth to perform her yearly circuit, we have 
only to calculate what part of her journey she goes through in 
an hour. By the same principle, the hourly rotation of the 
earth is as readily ascertained. 

We are insensible to these motions, because not only the 
earth but the atmosphere, and all terrestrial things, partake of 
the same motion, and there is no change in the relation of 
objects in consequence of it If we look out at the window 
of a steam-boat, when it is in motion, the boat will seem to 
stand still, while the trees and rocks on the shore appear to 
pass rapidly by us. This deception arises from our not hav- 
mg any object with which to compare this motion, when shut 
up in the boat ; for then every object around us keeps the 
same relative position. And so, in respect to the motion of the 
earth, having nothing with which to compare its movement, ex- 
cept the heavenly bodies, when the earth moves in one dire^ 
tton« these objects appear to move in the contrary direetioik 

Causes of the Heat and Cold of ike Seasons. 

We have seen that the eartfi revo lves round the aim in a» 

At wkat nte doa the euth move aiDond the niii 1 How 1^ don H 
■wte ttRNUid tteaiiiattheequatorl How b the lekdty of the ssHh « 
oHtHiwdl ¥niyaiewcim0nBliltfirtha«uUi\inMlioii1 
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eH^tietl oilrit, of which die sun is one of die foci, and conse* 
ooently, that die earth is nearest him, in one part of her orhi* 
^han in another. From the great difference we experience 
between the heat of summer and that of winter, we should be 
led to suppose that the earth must be much nearer the sun in 
the hot season, than in the cold. But when we come to in- 
quire into this subject, and to ascertain the distance of the 
sun at diiTerent seasons of the year, we find that the great 
source of heat and light is nearest us during the cold of win 
ter, and at the greatest distance during the heat of summer. 

It has been explained, under the article Opttcsj that the 
angle of vision depends on the distance at wnich a body of 

SVen dimensions is seen. Now, on measuring the angular 
mension of the sun, with accurate instruments, at different 
seasons of the j^ear, it has been found that his dimensions 
increase and diminish, and that these variations correspond 
exactly with the supposition, that the earth moves in an ellip- 
tical orbit If, for instance, his apparent diameter be taken 
in March, and then again in July, it will be found to have 
diminbhed, which diminution is only to be accounted for, by 
supposing that he is at a greater distance from the observer in 
July than in March. From July, his angular diameter gra- 
dually increases, till January, when it again diminishes, and 
continues to diminish, until July. By many obsen^ations, it 
is found, that the greatest apparent diameter of 'the sun, and 
therefore his least distance from us, is iir- January, and his 
least diameter, and therefore his matest distance, is in July.' 
The actual difierence is about three millions of mOes, the 
sun being that distance further from the earth in July than in^ 
Januaiy. This, however, is only about one sixtieth of his 
mean distance ^om us, and the difference we should experi*** 
ence in his heat, in consequence of this difference of distance, 
will therefore be very small. Periiaps the effect of his proxi- 
mity to the earth may diminish, in some small degree, the 
severity of winter. 
The heat of summer, and the cold of winter, must therefore 

At what season of the year is the sun at the greatest, and at what season 
the Irast distance, horn m eaith 1 How is it ascertained that the earth 
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krira from the difimrence in die meridian altitude of the tnn, 
and in the time of his continuance abore the horison^ In 
aumnier, the solar raya fall on the earth, in nearly a perpen- 
dicular direction, and his powerful heat is then conatantiy ac- 
cumulated by the long days and short nights of the season. 
In winter, on the contrary, the solar rays fall so obliquely on 
the earth, as to produce little warmth, and the small vfiect they 
do produce during the short days of that season, is almost en- 
tirely destroyed by the long nights which succeed. The dif 
ference between the efiects of perpendicular and oblique rays, 
seems to depend, in a great measure, on the difierent extent 
of Bur&ce over which they are spread. When the rays of 
the sun are made to pass through a convex lens, the heat ii 
increased, because the number of rays which naturally cov- 
ered a large surface, are then made to cover a smaller one, 
ao that the power of the glass depends on the number of ravs 
thus brought to a focus. If^ on Uie contrarv, the ra^ of tne 
sun are auSered to pass through a concave lens, their natural 
heating power is diminished, because they are dispersed, or 
spread over a wider surface than before. 

Now, to apply these difierent effects to the summer and 
winter rays of the sun, let us suppose that the nys falling 
perpeniticularly on a given extent of sur&ce, impu^ to it a 
certain degree of heat, 
then it is obvious, that 
if the same number of 
rays be spread over 
twice that extent of sur- 



in proportion, and that 
only half the heat would 
be imparted. This i| 
the eflftct produced by- 
the sun's rays in the 
. winter. They bll so 
obliquely on the earth, 
as to occupy nearly 
double the space dial 
of raya do in die sonuDer. 

Whv do tbi papradcAi raji of mmma [codDoa giMlv a&cto than 
lhe«Hman.ji(rf'i>intw1 How bthia Untntedb; tba oomcs ud naea** 
kiHN 1 How b the Mnial dUbrmoa of the Huma and wloMr »}■ Amn t 
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This 18 fllustrated by fig. 199, where tne number of rays 
both in winter and summer, are snpposeo to be tfie same. 
But it will he observed, that the winter rays, owing to their 
obii<)tie direction, are spread over nearly twice as much sur* 
fitee as tliose of summer. 

'It may, however, he remarked, that the hottest season is 
not usual ly^t the exact time of the year, when the sun is most 
Terticnl, and the days the longest, as is the case towanls the 
end of June, but some time afterwards, as in July and August 

To accoimt for this, it must be remembered, that when the 
sun is nearly vertical, the earth accumulates more heat by day 
than it ^ires out at ni^ht, and that this accumulation conti- 
nues to increase after the days begin to shorten, and conse- 
quenily, the greatest elevation of temperature is scmie time 
aAer the longest days. For the same reason, the thermome 
ter generally indicates the greatest degree of heat at two oi 
three o'clock on each day, and not at 12 o*clock, when the 
sun*s rays are most powerful. 

Figure of the Earth* 

AstronoToers have ]>roved that all the planets, together with 
their satelliles, have the sliape of 'the sphere or globe, and 
hem*'*, by analogy, there was every reason to suppose, that 
the earth would be found of the same Rha|>e ; and sevoraf 
phenujnena tend to prove, beyond all doilbt, that this iff its 
form. The figure of the earth is not, however, exactly that 
of a globe, or 1)all, because its diameter is about 34 miles less 
llrom pole to pole, than it is at the eouator. But thai its gen- 
eral figure is that of a sphere, or ball, is proved by many cir- 
eumstunces. 

When one is at sea, or standing on (he set shore, the first 
part of a ship seen at a distance, is its mast. As Uie vessel 
advances, the mast rises higher and higher above the norizun, 
and finally the hull, and whole ship, become visible. Now, 
were tlie earth's surface an exact plane, no Such appearance 
would take place, for we should then see die hull long before 
die mast or rigging, because it is much the largest object. 



Why 18 not the hottont leasM of tlie jmr «t Ills {wnoi whett th» dm 
mn kmscst, and the sun moit v«»rtieal ? What k the ceneral ^gvnd iJm 
caith 1 How much \tm in the diAfnetfT of the eaitli at tin Mies tiiatt at tb« 
sfuatnr 1 How ia the convexity of the oulh ptwrtlli^kf im sppwashsf a 
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J^will be plain by fig. 200, that were the ship, cr, eleva- 
tenTiso that the hull sliould be on a horizontal line with tho 
eye, the whole ship would be visible instead i^{ the topmast, 
there being no reason, except the convexity of the earth, why< 
the whole ship should not be visible at «, as well as at ^^> 

We know, for the same reason, that in passing over a hill, 
the tops of the trees are seen, before we can discover the 
ground on which they stand ; and that when a man ap[)roach- 
es from tlie opposite side of a hill, his head is seen before his 
feet. 

It is a well known fact also, that navigators have set out 
from a particular port, and by sailing continually westward, 
have passed around the earth, and again reached the port 
from which they sailed. This could never happen, were the 
earth an extended plain, since then the longer llie navigator 
sailed in one direction, the furtlier he would be from home. - 

Another proof of the spheroidal form of the earth, is the 
figure of its shetlow on the moon, during eclipses, which sha- 
dow is always bounded by a circular line. 

These circumstances prove beyond all doubt, that the form 
of the earth is globular, but that it is not an exact sphere; and 
that it is.def)ressed or flattened at the poles, is shown by the 
difference in the lengths of pendulums vibrating seconds at 
the poles and at the equator. 

Under the article pendulvrn., ft was shown tliat its vibrations 
depend on the attraction of gravitation, and that as the centre of 
the earth is the centre of this attraction, so the nearer this in- 
strument is carried to that point, the stronger will be the at- 
traction, and consequently the more fre(juent its vibrations. 

From a great number of experiments, it has been found 



Explain fig. 900. What other proofs of the globular shape of the earth 
mentioned ? How is it proved by the \ibrations of the peiklulum, that dw 
canh It flattened at the poles % 
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tfait a pendulum, which Tibimteti seconds at ihe equator, has 
its nuinber of Tihrations increased, when it is carried towands 
the poles, and as its numher of vibrations depends upon its 
length, a clock which keeps accurate time at the equator, must 
have its pendulum lengthened at the poles. And so, on the 
contrary, a clock going correctly at, or near the poles, must 
have its pendulum shortened^ to keep exact time at the equa- 
tor. Hence the force of gravity is greatest at the poles, and 
least at the equator. 

^- 901. The manner in which the 

figure of the earth differs from 
tmit of a sphere, is represented 
by Bg. 201, where n is the 
north pole, and ^ the south pole, 
the line from one of these points 
to the other, beinff the axis of 
the earth, and the line crossing 
this .the equator. It will be 
seen by this figure that the 
surface of the earth, at the 
poles, is nearer its centre, than 
the surface at the equator. 
The actual difierence between 
the polar and equatorial diameters^ in ihe nroportion of 300 
to 90l) Hie earth is Uierefore called (an ohlate spheroid^^e 
word oblate si^ifyinf the reverse of oolong, or shorter iouone 
direction than m anomer. 

The compression of the earth at the poles^jt^nd the conse- 
quent accumulation of matter at the equator/is probably the 
effect of its diiunal revolution, while it was in a soil or plastic 
state.^ If a ball of soft clay, or putty, be made to revolve 
rapdly,^y means of a stick passed through its centre, as an 
axis, it will swell out in the middle, or equator, and be d^ 
MBssed at the poles, assuming the precise figure of the earths 
(This figure is the natural and obvious consequence of the 
'centrifugal force, which operates to throw the matter off, in 
pn^rtion to its distance from the axis of motion, and the 
rapidity with which the ball is made to revolve? The parts 
about the equator would therefore tend to fly off, and leave 

In what proportion is the polar, less than the equatoria] diameter 1 What 
h the earth caQed, in reference to this figure 1 How is it supposed that it 
tame to ha^e this form 1 How is the form of the earth Ulustrated by ezpe- 
limentl Eypiajn the reaaon whj a plaatic ball will swell at the equator, 
wim made to ntfobn. 
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tne other parts, in consequence of the centrifnipl force, while 
those about the poles, bein^ near the centre of motion, would 
receive a much smaller impulse.^ Consequently the ball 
would swell, or bulge out at the equator, which would produce 
a corresponding depre:«sion at the poles. 

The weight of a body at the poles is found to be greater 
than at the equator, not only because the poles are nearer 
the centre of the earth than the equator, but because the cen- 
trifugal force there tends to lessen its gravity. The wheel 
of machines, which revolve with the greatest rapi<lily, are 
made in the strongest manner, otherwise they will fly in 

Eieces, the centrifugal force not only overcoming the gravity, 
ut the cohesion of their parts. 

It has been found, by calculation, that if the earth turned . 
over once in 84 minutes and 43 seconds, the centrifugal force ' 
at the equator would be equal to the power of gravity there, 
and that bodies would entirely lose their weight. If the 
earth revolved more rapidly than this, all the buildings, rocks, 
mountains, and men, at the ecjuator, would not only lose their 
weight, but would fly away, and leave the earth. 

Solar and Siderial Time. 

The stars appear to go round the earth in 23 hours, 56 
minutes, and 4 second«<, while tiie sun appears to perform the 
same revolution in 24 hours, so that the stars gain 3 minutes 
and 56 secondj^ upon the sun every day. In a year, this 
amounts to a day, or to the time taken by the earth to per- 
form one diurnal revolution. It therefore happens, that when 
time is measured by the stars, there are 366 days in the year, 
or 366 diurnal revolutions of the earth, while, if measured 
by the sun from one meridian to another, there are only 365 
whole days in the year. The former are called the sidcriaU 
and the latter solar days. 

To accDimt for this\lifrerence, we must remember that the 
earth, while she performs her daily revolutions, is constantly 
advancing in her orbit, and that, therefore, at 12 o'clock to- 
day, she is not precisely at the same place in respect to the 

■■" ■ ■ — ■ " — ' — — ■ 

What two ('.auses n^nder the weights of bodies less at the equator than at 
the poles 7 What would be the consequence on the weights of iKMlies at the 
equatqr, did the earth turn over once in 84 minutes and 43 seconds 1 The stan 
appear to move round the earth in less time than the sun, what does th« 
^iffeience amount to in a year 1 What is the year measuied by a sUtf catted 1 
What is that measured by the sun caJIed 1 
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MDit that she wm tl 12 o'dock yesterday, or'\nll be t4Miioiw 
row. But the fixed stars are at such an amazing distance 
fifom us* that the earth's orbit, in respect to them, is but a 
point ; and therefore, as the earth*s diurnal motion is perfectly 
uniform, she revolves from any ^iven star to the same star 
acain, in exactly the same period of absolute time. The orbit 
of' the earth, were it a solid mass, instead of an imaginary 
circle, would have no appreciable length or breadth, when 
seen from a fixed star, and therefore, whether the earth per- 
formed her diurnal revolutions at a particular station, or while 
passing round in her orbiL would make no appreciable differ- 
ence with respect to the star. Hence the same star, at every 
complete daily revolution of the earth, appears precisely in 
the same direction at all seasons of the year. The moon, for 
instance, would appear at exactly the same point, to a person 
who walks rouna a circle of a hundred yards in diameter, 
and for the same reason a star appears in the same direction 
from all parts of the earth's orbit, though 190 millions of miles 
in diameter. 

If the earth had only a diurnal motion, her revolution, in 
respect to the sun, would coincide exactly with the same 
revolution in respect to the stars ; but while she is making one 
revolution on her axis towards the cast, she advances in tht 
same direction about one degree in her orbit, so that to bring 
the same meridian towards the sun, she must make a little 
more than one entire revolution. 

Fig. 903 




How ii the dtflerenoe in time between the eolar and riderial year ae* 
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To make this plain, suppose the sun, «, fig. 90S, to be ex« 
actly on a meridian line marked at e, on the earth A, on a 
given day. On the next day, the earth, instead of bein^ at Af 
as on the day before, advances in its orbit to B, and m the 
mean time having completed her revolution, in respect to a 
star, the same meridian line is not brought under the sun, as 
on the day before, but falls short of it as at e, so that the earth 
has to perform more than a revolution, by the distance from e 
to 0, in order to bring the same meridian again under the sun. 
So on the next day, when the earth is at C, slie must again 
complete more than two revolutions, since leaving A, by the 
space from e to q, before it vill again be noon at e. 

Thus, it is obvious, that the earth must complete one revo- 
lution, and a portion of a second revolution, equal to the space 
she has advanced in her orbit, in order to bring the same me- 
ridian back again to the sun. This small portion of a second 
revolution amounts daily to the 365th part of lier circumfer^ 
ence, and therefore, at the end of the year, to one entire rota- 
tion, and hence in 365 days, the earth actually turns on her 
axis 366 times. Thus, as one complete rotation forms a si- 
derial day, there must, in the year, be one siderial, more than 
there are solar days, one rotation of the earth, with respect to 
the sun, being lost, by the earth's yearly revolution. The same 
loss of a day happens to a traveller, who, in passing round 
the earth towards the west, reckons his time by the rising and 
setting of the sun. If he passes round towards the east» he 
will gain a day for the same reason. 

Equation of Time* 

As the motion of the earth about its axis is perfectly uni- 
form, the siderial days, as we have already seen, are exactly of 
the same length, in all parts of the year. But as the orbit ot 
the earth, or the apparent path of the sun, is inclined to the 
earth's axis, and as the earth moves with different velocities 
in different parts of its orbit, the solar, or natural days, are 
sometimes greater and sometimes less than 24 hours, as shown 

Hod the earth only a diurnal revolution, would the siderial and solar time 
agree 1 Show by fig. 202, how siderial, difibrs (born solar time. Why dow 
not the earth tumthe same meridian to the sun at the same time every day I 
How niany times does the earth turn on her axis in a year 1 Why does tlis 
turn more times than there are days in the year 1 Why are the sobr daya 
tometimes greater, and aometinies Vm than 34 hoorsl 
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bjr an accnrtte clock. The comequence is, that a trae mm 
dial, or noon mark, and a true timfe piece, agree with each 
other, only a few times in a year. Tne difl'erence between 
the sun dial and clock, thus shown, is called tHe equation of 
tim^* 

The difference between the sun and a well reflated clocks 
thus arises from two causes^ the inclination of the earth's axis 
to the ecliptic, and the elliptical form of the earth's orbit. 

That the earih moves in an ellipse, and that its niotion is 
more rapid sometimes than at others, as well as that the earth's 
axis is inclined to the ecliptic, have already been explained 
and illustrated. It remains, therefore, to . show how these 
two combined causes, the elliptical form of the orbit, and tho 
inclination of the axis, produce the disagreemeut between tht« 
sun and clock. In this explanation, we must consider the 
sun as moving around the ecliptic, while the earth revolves on 
her axis. 

Equal, or rn^an time, is that which is reckoned by a clock, 
supposed to indicate exactly 24 hours, from 12 o'clock on 
one day, to 12 o'clock on the next day. Apparent time, is 
that which is measured by the apparent motion of the sun in 
the heavens, as indicate/l by a meridian line, or sun dial. 

Were the earth's orbit a perfect circle, fig. 196, and her 
axis perpendicular to the plane of this orbit, the days would 
be of uniform length, and there would be no difference be- 
tween the clock and the sun ; both would indicate 12 o'clock 
at the same time, on every day in the year. But on account 
of the inclination of the earth's axis to the ecliptic, unequal 
portions of the sun's apparent path through the heavens will 
pass any meridian in equal times. This may be readily ex- 
plained to the pupil, by means of an artificial globe, but per- 
naps it will be understood by the following diagram. 

What is the difference between the time of a sun dial and a clock called 1 
What are the causes of the difference between the sun and clock 1 In ex- 
plaining equation of time, what motion is considered as bebnging to the sun, 
and what motion to the earth 1 What is equal, or mean time f What it 
apparent time 1 
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203, be the cohcave 
of the heavens, in the 
centre of which is 
Uie earth. Let the 
line A B, be the 
equator, extending 
through the earth 
and the heavens, and 
jj let A, a, 6, C, c, and 
<2, be the ecliptic, or 
the apparent path ot 
the sun through the 
heavens. Also, let 
A, 1, % 3, 4, 5, be 
equal distances on 
the equator, and A, a, 
6, C, c, and (2, equal 
portions of the eclip- 
ACf corresponding with A 1, 2, 3, 4, and 5. Now we will sup- 
pose, that there are two suns, namely, a false, and a real one ; 
that the &lse one passes through the celestial equator, which 
is only an extension of the earth's equator to the heavens ; 
while the real sun has an apparent revolution through the 
ecliptic ; and that they both start from the point A, at the 
same instant. The false sun is supposed to pass through the 
celestial equator in the same time, that the real one passes 
through the ecliptic, but not through the same meridians 
'at the same time, so that the false sun arrives at the points 
1, 2, 3, 4, and 5, at the time when the real sun arrives at 
the points m, ft, C, and c. When the two suns were at A, 
the starting point^ they were both on the same meridian, 
but when the fictitious sun comes to 1, and the real sun to a, 
they are not in the same meridian, but the real sun is west- 
ward of the fictitious one, the real sun being at a, while the 
false sun is on the meridian .1, consequently, as the earth 
turns on its axis from west to east, any particular place will 

In fie. 208, which is the celestial equator, and which the ecliptic 1 
Througn which of these circles does the filse, and throiiffh which does ths 
true sun pass'} When the real sun arrives to a, and ue fake one to 1/ 
are tlxdj both on the same meridian 1 Which is then most westward 1 
When the two suns are at 1 and a, why wiU any meridian come first 
under the real suni Were the true fun in place of the false one, why 
would ihe sun and dock agree 1 



ooiiie tinder the min^s reaK meridian, sooner than under the 
€etatiouB son's meridian ; that is, it wili be 12 o'clock by the 
true sun, before it is 12 o'clock by the false sun, or by a tnie 
dock ; but were the true sun iu place of the false one, the 
sun and clock would a^^ree. While the true sun is passing 
through that quarter of liis orbit, from a to C, and the ficti- 
Uous sun from 1 to 3, it will always be noon by the true sun 
before it is noon by the false sun, and during thisf period, the 
ton will he faster than the clock. 

When the true sun arrives at C, and the false one at 3, they 
are both on the snnr.e nicridian, and the pun and clock agree. 
But while the real sun is passing from C to B, and the false one 
from 3 to B, any meridian comes later under the true sun tlian 
it does under liie false, and then it is noon by the sun afler it 
is noon by the rhjck, and the sun is then said to be sitmer than 
the clock. Ai B, ImiiIi Huns arc apiin on the same meridian, 
and then attain the i«un and clock agree. 

We have thus f Jlo\ve<l the real sun throu<rh one half of his 
true apparent phicc in tl.e heavens, and die false one through 
half the celestial e^piator, and have seen that the two suns, 
since leaving tlu* point A, have been only twice on the same 
meridian at the san:e liirie. It has been supposed that the two 
suns passed thronuh e(|nal arcs, in e(|ual times, the real sun 
through the echptir, and th.e ial«e one thrcuuh the equator. 
The place cf the false sun nay l.e considered as representitig 
the place where the re«l sun w(-idd he, in case tlie earth's axis 
had no inclination, and cnnsetiuentiy it aijrees with tl.e clock 
ever)" 24 nours. But the true sun, as he passes round in the 
ecliptic, comes to the same meiidian, sonietinxs sooner, and 
8ometiir.es later, and in rassirg arcuiid the other half of the 
ecliptic, or in the other half year, the same variations succeed 
each other. ' 

The two suns are supposed to depart from the f o^'nt A, on 
the 20th of March, at which time the sun and rh cV coincide. 
From this time, the sun is faster than the clock until the two 
suns come together at the point C, which is on 1«1 e21st of 
June, when the ?un antl clock again agree. From this period 
the sun is slower than the clock, until the 23d of i^eptember, 

While the suns are passintr from A to T, and frcn» 1 to 3, will the 
8iin be frjBlrr or bIowct than the dock? Whrn the f/o Runs aw at C, 
•ncJ 3. why will the sun an*! clock eprrc? While thv rpal 3un is paisinj^ 
frwn B to'C, whicrh is fiistrst, the clock, or suni "What does the place oi 
the iklse sun represent, in fig. 2o3 ? 



TIME. S51 

fid faster a^iti nntil the 21 at of December, at which thne 
they airree as before. . 

We have thus seen how the inclination of the earth's axis, 
and the consequent obliquity of the eqnatcyr to the ecliptic, 
causes the sun and clock to disagree, and on what days they 
wouki coincide, provided no other cause interfered with their 
agreement. But although the inclination of the earth's axis 
would bring the sun and rljck together on the above-men- 
tioned days, yet this agreement is counteracted by ano*her 
cause, which is the elliptical form of the earth's orbit, and 
though tlie sun and clock d > agree four times in the year, it 
is not on any of the days above mentioned. 

It has been shown by fig. 193, that the earth moves more 
rapidly in Qx\e part of its orbit than in another. When it is 
nearest the sun, which is in the winter, its veLicity is greater, 
than when it is most rem>te from him, as in the summer. 
Were the earth's orbit a perfect circle, the sun and clock 
woulJ eoincide ovt the days aS)Ve speciiiel, be?.;inse then the 
only disagreement would arise from the inclination of the 
earth's axis. But since the earth's distance from the sun is 
constantly changing, her rate of velocity also changes, and 
she passes through unequal portions of her orbit in equal 
times. Hence on some days, she ))asses through a greater 
portion of it than on othei>4 and thus this becomes another 
cause of the inequality of the sun's apparent motion. 

The elliptical form of the «arth's orbit would prevent the 
coincidence of the son and clock at all times, except when 
the earth is at the greatest distance from the sun, which hajv 
pens on the 1st of July, and when she is at the least distance 
from him, which happens on the 1st of January. As the earth 
moves faster in the winter than in the summer, from this 
cause, tlie sun would be faster tha^i the clock from the Ist of 
July to the 1st of January^ anrl then slower than the clock 
from the 1st of January to the 1st of Julv. 

We have now explaineJ, separately, tfie two causes which 
prevent the coincidence of the sun and clock. By the fit«t 
cause, which is the inclination of the earth's axis, they woahl 

The inclination of the earth's axi.<4 wouLI make tlie sun anil clock agree 
in March, and the other months above na ned : why then d;) they not ao> 
luilljr agree at those times ? Were the earth's orbit a perfect circle, mi 
what dj^s wottid the sun and cIo?k a^ree 1 How does the form of th* 
MErth*s orbit interfere unth the agreement of the sun an I clock on tboM 
dajT^? At what tiixiai wouU the ibrm of the earth *]» orbit bring the 
eaii ckMk to agree 1 
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■gne lour times in the yetr, and by the eeeond caiue» Ae ir 
reffukrity of the earth's motioii, mey would eoineide only 
tmce in the year. 

Now these two causes counteract the effects of each other, 
so that the sun and dock do not coincide on any of the days, 
when dither cause, taken sinsiiyt would make an ag;reement 
between them. The sun and dock, therefore, are together, 
only when the two causes balance each other; that is, when 
one cause so counteracts the other, as to make a mutual 
agreement between them. This efiect is produced four times 
in the year ; namely, on the 15th of April, 15th of June, 31st 
of August, and 24th of l>ecember. On these dajrs, the sun 
and a dock keeping exact time, coindde, and <m no others. 
The greatest diflfisrence between the sun and clock, or between 
apparent and mean time, is 161 minutes, which takes place 
about the 1st of Noyember. 

Precession of ike Equinoxes. 

A trofieal year is the time it takes the sun to pass from 
one eqpnox, or tropic, to the same tropic, or equinox, again. 

A stderial year is the time it takes the sun to perform his 
apparent annual reyolution, from a fixed star, to the same far 
ed star again. 

Now it has been found that these two complete reyolutions 
are not finished in exactly the same time, but that it takes the 
sun about 90 minutes longer to complete lus apparent reyohi- 
tion in remect to the «tor, than it does in respect to the equi" 
noar, and nence the siderial year is about 20 minutes longer 
dian the tropical year. The reyolution of the earth from 
eqinnox to equinox, again, therefore precedes its complete re- 
yolution in the ecliptic hy about 20 minutes, for the absolute 
revolution of the ^urth is measured by its return to the fixed 
star, and not by the return of the sun to the same equinoctial 
point This u^parent fidlin^^ bacl^ of the equinoctial point, 
so as to make me time when it meets the mmprecede the time 

The >■>**'— *8.... of t||0 Mith'a axit would make liie «m and doek 
i^iw fmr tisMa in tba year, and tba frtm of the aaith'a ofbk would 
mako thm i^iw tivioe in the Y«ar, now diow tiie naaon why they do 
not agne tnm theae eanaaa, on the abonra me n tie p ed daya, and wky thoy 
do agne on odm days. On what daya do the eon and dock agnel 
What li a feromoal yearl What ia a liderial yearl What ia ^ dil^ 
ftnnoe in the tmie wlikh it takea tiie i^ to oomfiiftte hia lefotntian la 
iMpeet to aalar, and inveneet to the oqoinoiEl Etybhi what ie neaal 
I7 4to pneaarioB of tfai ofoiiMxaoa 
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mhm die earth mi&esits complete leToluticm in respect to die 
star, is called the precession of the equinoxes. 

The distance Which the sun thus ffains upon the fixed star, 
or the difference between the sun and star, when the sun has 
arrived at the equinoctial point, amounts to 50 seconds of a 
degree, thus malung the equinoctial point recede 50 seconds 
of a degree, (when measured by the signs of the 2sodiac,) 
westward, every year, contrary to ihe sun's annuid progressive 
motion in the ecliptic 

Fig. 204. 




To illustrate this by a figure, suppose S, fig. 5i04, to be the 
sun, E the earth, and a fixed star, all in a straight line with 
respect to each other. Let it be supposed that this opposi- 
tion takes place on the ^Ist of March, at the vernal equmox, 
and that at that time the earth is exactly between the sun and 
the star. Now when the earth has performed a complete 
revolution around its orbit &, a, as measured by the star, she 
will arrive at precisely the same point where she now is. But 
it is found that when the earth comes to the same equinoctial 
point, the next year, she has not gone her complete revolution 
in respect to the star ; the equinoctial point having fallen back 
with respect to the star, during the year, from £ to e, so that 
the earth, after ving completed her revolution, in respect to 

How many leoands of a degree does the eqinnoz leoede eveiy yMMr, 
ivfaen the gun's place is compared wilh a star 1 How does fig. 904, ft- 
inafarate the Drooeaakui of the eauinozeal P.'g pi^m fie. 904k and laov 
from whatpomts the equnooras ftll back tnm year lo jeai. 

22 
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Ihe aooliiox, luui yet to jmm the space firom e to E, to com 
plete ner rerolutioii in respect to the star. 

Hie space from iS to e, being 60 seconds of a degree, and 
Ae equinoctial point falling this space every year short of the 
phee where the sun and tms point agreed the year before, it 
ii obviouB, that on the next reyolution of the earth, the equi- 
BOX wiU not be found at «, but at t, so that the earth, having 
completed her second revolution in respect to the sun when at 
t^ will still have to pass from i to E, before she completes an- 
other revolution in respect to the star. 

The precession of the equinoxes, being 50 seconds of a de- 
gree, every year, contrary to the sun's apparent motion, or 
about 20 minutes in time, short of the point where the sun 
and equinoxes coincided the year before, it follows, that the 
fixed stars, or those in the sign of the zodiac, move forward 
every year 50 seconds, with respect to the equinoxes. 

In consequence of this precession, in 2160 years, those stars 
which now appear in the beginning of the si^ Aries, for in- 
stance, will tnen appear in me bednning ot Taurus, having 
moved forward one whole sign, or So degrees, witli respect to 
the equinoxes, or the eouinoxes having gone backwards 30 
degrees, with respect to the stars. In 12,%0 years, or 6 times 
2160 years, therefore, the stars will appear to have moved 
forward one half of the whole circle of the heavens, so that 
those which now appear in the first degree of the sign Aries, 
will then be in the opposite point of the zodiac, and tnerefore, 
in the first degree of Libra. And in 12,690 years more, be- 
cause the equinoxes will have fallen back the other half of 
the circle, the stars will appear to have gone forward, from 
Libra to Aries, thus completing the whole circle of the zodiac. 
Thus in about 26,000 years me equinox will have gone back- 
wards a whole revolution around the axis of the ecliptic, and 
the stars will appear to have gone forward the whole circle of 
the zodiac. 

The discovery of the precession of the equinoxes has thrown 
much light on ancient astronomy and chronology, by showing 
an agreement between ancient and modem observations, con- 
How many minutes, in time, is the precession of the equinoxes per 
veart What effect does this {>rece8sion produce on the fixed stars 1 
How many years is a star in going forward one degree, in respect to the 
equinoxes f In how many yeuB wiU the stars appear to have passed 
half aiound the heavens 1 In what period will the earth appear to have 
^Mie backwards one whde levolutionl In what lespect is the preces- 
ma of the eguinozM an impoitant soliject 1 
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oerning the places of the signs of the asodiae, not to be recon* 
cUed in any other manner. 

A complete explanation of the cause which occasions the 
precession of the equinoxes, would require the aid of the most 
abstruse mathematics, and therefore cannot be properly in- 
troduced here. The cause itself may, however, be stated in 
a few words. 

It has already been explained, that the revolution of the 
earth round its axis, has caused an excess of matter to be 
accumulated at the equator, and hence, that the equatorial, is 
greater than the polar diameter, by 34 miles. Now the at* 
traction of the sun, and moon, on this accumulated matter at 
the equator, has the effect of slowly turning the earth about 
the axis of the ecliptic, and thus causing the precession of the 
equinoxes. ^^ y. c/, . , C 

While the earth revolves round the sun, the moon revolves 
round the earth, completing her revolution once in 27 days, 
7 hours, and 43 minutes, and at the distance of 240,000 miles 
from the earth. The period of the moon's change, that is, 
from new moon to new moon again, is 29 days, 12 nours, and 
44 minutes. 

The time of the moon's revolution round the earth is called 
her periodical month ; and the time from change to change 
is called her synodical month. If the earth had no annual 
motion, these two periods would be equal, but because the 
earth goes forward in her orbit, while the moon goes round 
the earth, the moon must go as much farther, from change to 
change, to make these periods equal, as the earth ffoes for- 
ward during that time, which is more tban the twelf& part of 
her orbit, there being more than twelve lunar periods in the 
year. 

These two revolutions may be familiarly illustrated by the 
motions of the hour and mmute hands of a watch. Let us 
suppose the 12 hours marked on tlie dial plate of a watch to 
represent the 12 signs of the zodiac through which the sun 
seems to pass in his yearly revolution, while the hour hand of 

What is the cause of the precession of the eauinozes 1 What is the 
period of the moon's leTolution round the earui 1 What is the period 
nom new morm to new moon again 1 What are these two periods 
ealledl Why are not the peiiodicd and synodical monUis equall How 
are these two lerohitions of the moon iDustnted bj the two hands of 
mwatehl 



iIm wwtkA igpmwuli Ae flan, and die miniite hand Ihe moon. 
TiMnv M the hour hand goes around the dial pbite once in 12 
h e me , ao iiie snn apparently goes around the zodiac once in 
19 months ; and as the minute hand makes 12 reFolutions to 
ooe of the hour hand, so the moon makes 12 revolutions to 
one of the sun* But the moon, or minute huid, must go more 
than once round, from any point on the circle, where it last 
eame in eonjunction with the sun, or hour hand, to oyertake 
it again, since the hour hand will have moved forward of the 
place where it was last overtaken, and consequently the next 
eonjunction must be forward of the place where the last hap- 
pened. During an hour, the hour hand describes the twelfth 
pari of the circle, but the minute hand has not only to go 
lound the whole circle in an hour, but also such a portion oi 
It, as the hour hand has moved forward since they last met 
Thus at 12 o'clock, the hands are in conjunction ; the next 
conjunction is 5 minutes 27 seconds past I o'clock ; the next, 
10 min. 54 sec. past II o'clock ; the third, 16 min. 21 sec 
past III ; the 4th, 21 mim 49 sec. past IV : the 5th, 27 min. 
10 see. past Y ; the 6lh, 32 min. 43 sec. past YI ; the 7th, 
38 min. 10 sec past VII ; the 8th, 43 min. 38 sec. past VIII ; 
the 9th, 49 min. 5 sec. past IX ; the 10th, 54 min. 32 sec 
past X ; and the next conjunction is at XIL 

How although the moon passes around the earth in 27 days 
7 hours and 43 minutes, yet her change does not take place 
at the end of this period, because her changes are not occa- 
sioned by her revolutions alone, but by her coming periodical- 
ly into the same position in respect to the sun. At her change, 
sne is in conjunction with the sun, when she is not seen at all, 
and at this time astronomers call it new moouj though gene- 
rally, we say it is new moon two days afterwards, when a 
small part of her face is to be seen. The reason why there 
is not a new moon at the end of 27 days, will be obvious, from 
the motions of the hands of a watch v for we see that more 
than a revolution of the minute hand is required to bring it 
again in the same position with the hour hand, by about the 
twelfth part of the circle. 

The same principle is true in respect to the moon ; for as 

*— 

ittntio o 1h« time of fevenl oonjtmctions between the two hands of a 
«l«lelL Whj do not the moon*8 changes take place at the periods of 
Imt fetolution araimd the eaithi How much lom^ does it take the 
noia to oome again in oot^onclioa with the soOytiEui it does to perfixim 
hflc psciodisal levohitioa 1 
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iht eaiih adranees.iii its oiMt, it l«kiM Am moon 2 daj« 5 
hours and 1 minute longer to come again in conjunction with 
die sun, than it does to make her raonthlf reyolution rotmd 
the earth ; and this 2 days 5 hours and 1 minute being added 
to 27 days 7 hours and 43 minutes, the time of the periodical 
revolution makes 29 days 12 hours and 44 minutes, the 
period of her synodical reyolution. 

The moon always presents the same side, or &ce, towards 
the earth, and hence it is evident that she turns on her axis 
but once, while she is performing one revolution round the 
earth, so that the inhabitants of the moon have but one day, 
and one night, in the course of a lunar month. 

One half of the moon is never in the dark, because when 
this half is not enlightened by the sun, a strong light is reflect- 
ed to her from the earth, during the sun's absence. The 
other half of the moon enjoys alternately two weeks of the 
sun's Ught, and two weeks of total darkness. 

The moon is a globe, like our earth, and, like the earth, 
shines only by the light reflected from the sun; therefore, 
while that half of her which is turned towards the sun is 
enlightened, the other half is in darkness. Did the moon 
shine by her own light, she would be constantly visible to us, 
for then, being an orb, and every part illuminated, we should 
see her constantly full and round, as we do the sun. 

One of the most interesting circumstances to us, respecting 
the moon, is, the constant changes which she undergoes^ in 
her passage around the earth. When she first appears, a day 
or two after her change, we can see only a small portion of her 
enlightened side, which is in the form of a crescent ; and at 
this time she is commonly called new moon. From this peri* 
od, she goes on increasing, or showing more and more of her 
face every evening, until at last she becomes round, and her 
face fully illuminated. She then begins again to decrease, by 
apparently losing a small section of her face, and the next 
evening, another small section from the same part, and so on, 
decreasing a little every day, until she entirely disappears ; 
and having been absent a day or two, re*appears, in the form 
of a crescent, or new moon, as before. 

How is it proved that the moon niakes bat ono levohition on her azb, 
as she pasRs aiouod the earthi One half of the moon is never in the 
dark ; explain why thSs Is so. How long is the day ajid night at ^ 
other halfl £bw is it shown that the moon shines onlv by iieflectisd 
Kghtl 
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When Ae moon difappaaiB, she is iaid to be in eonjnnctiony 
that is, tho is in the same direction from us with the sun. 
Wlien she is fuU, she is said to be in appoeitiofh that is, she is 
hk that part of the heayens opposite to the sun, as seen by us. 

Hie dififerent appearances of the moon, from new to fulU 
and from full to change^ are owing to her presenting different 
portions of her enlightened sur&ce towards us at different 
timesb Theseappearancesare called ihephases of the moon, and 

are eaaUy accountedfor, and understood, oy the following figure 

Fig. 905. 





Let 8y fig. 206, be the sun, E the earth, and J., B, C, D, 
E^ the moon in different pNarts of her orbit Now when the 
moon changes, or is in conjunction with die sun, as at A^ her 
dark side is turned towards the earth, and she is invisible, as 
represented at a. The sun always shines on one half of the 
moon, ir every direction, as represented at A and jB, on the 
inner drcle ; but we at the earth can see only such portions of 
the enKghtened half as are turned towards us. After her change, 
when she has moved from ii to B, a small part of her illumi- 
nated side comes iii sight, and she appears homed, as at 5, and 
18 then called the new moon. When she arrives at C, several 
days afterwards, one half of her disc is visible, and she ap- 
pears as at c, her appearance being the same in both circles. 
Aft tins point she is said to be in her jEr«l quarter ^ because she 
haa passed through a qnarter of her orbit, and is 90 degrees 

When tt the mo(m said to be i]ic(mjiiiietion with the (mn,ai^ 
Mm Co the ■mil What are the phuee of the moon 1 Describe fie. 905, and 
how Ihs nuon paves fipMi chaofs to fUl, and from M to da^fo. 
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from the place of her conjunction with the sun. At D, she 
shows us still more of her enlightened side, and is then said 
to appear ffibbaus^ as at d. When she comes to £, her whole 
enliffhtenea side is turned towards the earth, and she appears 
in aU the splendor of nfull moon. During the other half of 
her revolution, she daily shows less and less of her illuminated 
side, until she asain becomes invisible by her conjunction 
with the sun. Thus in passing from her conjunction a, to 
her full, e, the moon appears every day to increase, while in 
going from her full to her conjunction again, she appears to 
us constantly to decrease, but as seen from the sun, she ap- 
pears always full. 

The earth, seen by the inhabitants of the moon, exliibits 
the samephases that the moon does to us, but in a contrary 
order. When the moon is in her conjunction, and con- 
sequently invisible to us, the earth appears full to the people 
of the moon, and when the moon is full to us, the earth is 
dark to them. 

The earth appears thirteen times larger to the lunarians 
than the moon aoes to us. As the moon always keeps the 
same side towards the earth, and turns on her axis only as she 
moves round the earth, we never see her opposite side. Con- 
sequently, the lunarians who live on the opposite side to us 
never see the earth at all. To those who live on the middle 
of the side next to us, our earth is always visible, and directly 
over head, turning on its axis nearly thirty times as rapidly 
as the moon, for she turns only once in about thirty days. 
A. lunar astronomer, who should happen to live directly oppo- 
site to that side of the moon, which is next to us, would nave 
to travel a quarter of the circumference of the moon, or about 
1500 miles, to see our earth above the horizon, and if he had 
the curiosity to see such a glorious orb, in its full splendor 
over his head, he must travelSOOO miles. But if his curiosity 
equalled that of the terrestrials, he would be amply compensated 
by beholding so glorious a nocturnal luminary, a moon thir- 
teen times as large as ours. 

That the earth shines upon the moon as the moon does upon 
OS, is proved by the £ict mi the outline of her whole disc may 

What is said oonoenuiig tikB phases of the eaith, as seen tnm the 
moon 1 When does die earth appear fhll at the moon 1 When is the 
Mith, in her change, lo die people of the mooni Why do those who 
Ito on one aide of the moon never see tiie earth 1 How is it known 
ikeidfea earth diinsB man As moon, as the moon does luonm) 
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be Men, when only a mrt of it is enligbtened by the smi. 
Thus when the sky b clear, and the moon only two or three 
da3r8 old, it is not uncomirion to see the brilliant new moon, 
with her horns enlightened by the sun, and at the same time, 
the old moon fitintly illuminated by reflection from the earth. 
This phenomenon is sometimes called '^ the old moon in the 
new moon's arms." 

It was a disputed point among former astronomers, whether 
the moon has an atmosphere; but the more recent discoyeries 
have decided that she has an atmosphere, though there is 
reason to believe that it is much less dense than ours. 

When the moon's surface is examined through a telesocpe, 
itb found to be wonderfully diversified, for besides the dark 
spots perceptible to the naked eye, there are seen extensive 
valleys, ana long ridges of highly elevated mountains. 

Some of these mountains, according to Dr. Herschel, are 4 
miles high, while hollows more than 3 miles deep, and almost 
exactly circular, appear excavated on the plains. Astronomers 
have been at vast labor to enumerate, figure, and describe, the 
mountains and spots on the surface of the moon, so that the . 
latitude and longitude of about 100 spots have been ascertain- 
ed, and their names, shapes, and relative positions given'. A 
still greater number of mountains have been named, and their 
heiffhtB and the length of their bases detailed. 

The deep caverns, and broken appearance of the moon's 
surface, long since induced astronomers, to believe that such 
effects were produced by volcanoes, and more recent discov- 
eries have seemed. to prove that this suggestion was not with- 
out foundation. Dr. Herschel saw with his telescope, what 
appeared to him three volcanoes in the moon, two of which 
were nearly extinct, but the third was in the actual state of 
eruption, throwing out fire, or other luminous matter, in vast 
quantities. 

It was formerly believed that several large spots, which ap- 
peared to have plane surfaces, were seas, or lakes, and that a 
part of the moon's surface was covered with water, like that 
of our earth. But it has been found, on closely observing 
these spotii, when they were in such a position as to reflect 
the sun's light to the earth, had they been water, that no 
such reflection took place. It has also been found, that when 

What IB said concerning the moon's ^atouMipheie ? How high, aiw 
some of the mountains, and how deep the cavtins of thft mtwil Whal 
k nid oopr^eming the Tokanoes of the muoni 
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Hmm flpots were turned in a certain poBitira, thdr snr&ees 
appeared rough, and uneven; a certain indication that they 
are not water. These circumstances, together with the fact, 
chat the moon's sur&ce is never obscured by mist or vapor, 
arising from the evaporation of water from her surface, have 
hiduced astronomers to believe, that the moon has neither 
seas, lakes, nor rivers, and indeed that no water exists there* 

Eclipses 

Every planet and satellite in the solar system is illuminated 
by the sun, and hence they cast shadows in the direction op- 
posite to him, just as the shadow of a man reaches from the 
Bun. A shadow is nothing more than the interception of the 
rays of light by an opaque body^ The earth always makes a 
shadow, which reaches to an " immense distance into open 
space, in the direction opposite to the sun. AVhen the earth, 
turning on its axis, carries us out of the spnere of ^e sun's 
Hght, we say it is sxtn-set, and then we pass into the earth's 
shadow, and night comes on. "When the earth turns half 
round from this point, and we again emerffe out of the earth's 
shadow, we say, the sun rises^ and then day begins.j 

Now an eclipse of the mooi/i's nothing more than lier falling 
into the shadow of the earth.V The moon having no Hght of 
her own, is thus darkened, ^nd we say she is eclipsed. The 
shadow of the moon also reaches to a great distance from her. 
We know that it reaches at least 2^,000 miles, because it 
sometimes reaches the earth. An eclipse of the sunr is occa- 
sioned whenever the earth falls into the shadow of th^ moon. 
Hence in eclipses, whether of the sun or moon, the two plan- " 
ets and the sun must be nearly in a straight line with respect 
to each other. In eclipses of the moon, the earth is between 
the sun and moon, and in eclipses of the sun, the moon is be- 
tween the earth and sun. 

If the moon went around the snn in the same plane with 
the earth, that b, were the moon's orbit on the plane of the 

What is supposed concerning the lakes and seas of the moon % On 
what groiands is it supposed that ihero is no water at the moon 1 What 
is a sluidow 1 When do we say it is sun-set, and when do we say it is 
son-rise 1 What occasioiw an ec%ee of the moon? What causes 
eclipses of the sonl In eclipses of the moon, what planet is between 
the. sun and moon '^ In edipees of the sun, what planet is between the 
tun and earth % Why is thae not an eeltpw of tlie mm at evexy can- 
junction of the sun and xaoon? 



MB BCLiPuni. 

•diptie, there wovdd happen an eclipse of the mm at erary 
conjunction of the sun ana moon, or at the time of every new 
moon. But at these conjunctions, the moon does not come 
exactly between the earth and sun, because the oibit of the 
moon is inclined to the ecliptic at an anffle of 51 degrees. Did 
the planes of the orbits of the earth and moon coincide, there 
woiud be an eclipse of the moon at every full, for then the 
moon would pass exactly throufirh the earth's shadow. 

One half of the moon's orbit being elevated 61 degrees 
above the ecliptic, the other half is depressed as much l^ow 
it, and thus the moon's orbit crosses that of the earth in two 
opposite points, called the moon's nodes. 

As the nodes of the moon are the points where she crosses 
the ecliptic, she must be half the time above, and the other halt 
below tnese points. The node in which she crosses the plane 
of the ecliptic upward, or towards the north, is called her ascendr 
ing node. That in which she crosses the same plane down- 
wurd, or toward the south, is called her descending node. 

The moon's orbit, like those of the other planets, b ellipti 
eal, so that she is sometimes nearer the eartn than at others 
When she is in that part of her orbit, at the greatest distance 
from the earth, she is said to be in her apogee^ and when at 
her least distance from the earth, she is in her perigee. 

Eclipses can only hstppen at the time when the moon is at, 
or near, one of her nodes, for at no other time is she near the 
plane of the earth's orbit; and since the earth is always in 
this plane, the moon must be at, or near it abo, in order to 
bring the two planets and the sun in the same right line, with 
out which no eclipse can happen. 

The reason wny eclipses do not happen oftener, and at 
regular periods, is because a node of the moon is usually only 
twice, and never more than three times in the year, presented 
towards the sun. The avera^ number of total eclipses of 
boUi luminaries, in a century, is about thirty, and the average 
number of total and partial, m a year, about four. There 
may be seven ecUpses in a year, including those of both lu- 



Hbw many deffrees is the moon's orbit inclined to that of the euthi 
What aie the i^es of the moon ? What is meant by the asocnJinff 
1^ descendhiff nodes of the mooni What is the moon's apqgee, and 
what her perigee 1 Why must the moon be at, or near, one of her nodes, 
tooccasion an ecHpsel Why do not ecHpses happen often, and at leg- 
^brperiodsl What is the gieateit, and what ths teM nninber of ecfipasik 

that can hi^ipen in a year t 
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minanes, and there may be only two. When there are only 
two* they are both of the sun. • 

When the moon is within 161 decrees of her node, at the 
time of her change, she is so near uie ecliptic, that Uie sun 
may be more or less eclipsed, and when she is within 12 de- 
grees of her node, at the time of her full, the moon will be 
more or less eclipsed. 

But the moon is more frequently within 16i degrees of her 
node at the time of her change, than she is within 12 degrees 
at the time of her full, and consequently there will be a great* 
er number of solar, than of lunar eclipses, in a course of 
years. Yet more lunar eclipses will be visible, at any one 
place on the earth, than solar, because the sun, being so much 
larger than the earth, or moon, the shadow of these bodies 
must terminate in a point, and this point of the moon's sha- 
dow never covers but a small portion of the earth's surface* 
while lunar eclipses are visible over a whole hemisphere, 
and as the earth turns on its axis, are therefore visible to more 
than half the earth. This will be obvious by figs. 206 and 
207, where it will be observed that an eclipse of the moon 
may be seen wherever the moon is visible, while an eclipse 
of the sun will be total only to those who live within the 
space covered by the moon's dark shadow. 

Jjwnar Eclipses, — ^When the moon falls into the shadow of 
the earth, the rays of the sun are intercepted, or hid from her, 
and she tlien becomes eclipsed. When the earth's shadow 
covers only a part of her face, as seen by us, she suffers only a 
partial eclipse, one part of her disc b^ing obscured, while the 
other part refiects the sun's light But when her whole sur- 
face is obscured by the earth's shadow, she then suffers a total 
eclipse, and of a duration proportionate to the distance she 
passes through the earth's shadow. 

Fig. 206 represents a total lunar eclipse ; the moon being 
in the midst of the earth's shadow. Now it will be apparent, 
that in the situation of the sun, earth, and moon, as represent- 
ed in the figure, this eclipse will be visible from all parts of 



Why will there be more solar than lunar edipaes, in the coome of yean ^ 
Why wiQ more lunar than aolar eclipaea be viaible at any one plaioa 1 
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HmX liemiqilMn of the earth which is next the moon, and that 
die moon's 4uc win be equally obscured, from wfaaterer point 




it is seen. When the moon passes through onlya part of the 
earth's shadow* then she suffers only a partial eclipse* but this 
is also risible from the whole hemisphere next the moon. It 
will be remembered that lunar eclipses happen oriy at frdi 
moon, the sun and moon being in opposition, and the eartfi be- 
tween them. 

Solar Eclipses. — ^When the moon passes between the earth 
and sun, there happens an eclipse of the sun, because then the 
moon's shadow tails upon the earth. A total eclipse of the 
sun happens often, but when it occurs, the total obscurity 
is confined to a small part of the earth : since the dark por- 
tion of the moon's shadow never exceeds 200 miles in diam- 
eter on the earth. But the moon's partial shadow, or oe- 
numbrat may cover a space on the earth of more than 4000 
miles in diameter, within all which space the sun will be mors 
or less eclipsed. When the penumbra first touches ihe eiurth, 
the eclipse oegins at that place, and ends when the penumbra 
leaves it But die eclipse will be total only where the dark 
shadow of the moon touches the earth. 

Fig. 907. 
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tblpiilotel at one iilaoe,a&doiil7piitialat«BoCfaar1 
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Fig. 907 reprments an eclipse of the sun, without regard t6 
$ne penumbra, that it may be observed how small a part oi 
ihe earth the dark shadow of the moon coT^rs. To those 
who live within the limits of this shadow, the eclipse will be 
total, while to those who live in any direction around it, and 
within reach of the penumbra, it will be only piurtiaL 

Solar eclipses are called annuldry from annulus, a ring, 
when the moon passes across the centre of the sun, hiding ful 
hisT light, with the exception of a ring on his outer edge^ which 
die moon is too small to cover from the position in which it 
is seen. Pig. 908. 




My 

Fig. 208 represents a solar eclipse, with the penumbra D^ 
C and the umora^ or dark shadow, as seen in the above figure. 

When the moon is at its greatest distance from the earth, 
its shadow m 0, sometimes terminates, before it reaches the 
earth, and then an observer standing directly under the point 
o, will see the outer edge of the sun, forming a bright ring 
around the circumference of the moon, thus forming an annv' 
lar eclipse. 

The penumbra D C, is only a partial interception of tlie 
sun's rays, and in annular eclipses it is this partial shadow on- 
ly which reaches the earth, while the umbra, or dark shadow, 
terminates in the air. Hence annular eclipses are never to- 
tal in any part of the earth. The penumbra, as already stated, 
may cover more than 4000 miles of space, while the umbra 
never covers more khan 200 miles in diameter ; hence partial 
eclipses of the sun may be seen by a vast number of inhabi- 
tants, while comparatively few will witness the total eclips^. 

When there happens a total solar eclipse to us, we are eclips- 
ed to the moon, and when the moon is eclipsed to us, an eclipse 
uf the sun happens to the moon. To tne moon, an eclipse 

What is meant by penumbra 1 What will be the difference in the atipect 
of the eclipse, whether the observer stands witliin the dark shadow, or ooxy 
within thfi penumbra 1 What is meant by annular eclipses % Are annulaj 
colipses ever total in any part of the earth 1 In anniibur eclipses, what pait 
df tne moon's shadow reaches the earth 1 
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oTiIm mtfk cuk new be told, liiice her ehedeir eoren only 
a nnDportioii of the earth's sor&ee. Sudi an edipie, there- 
lbre» at the moon* appears onl^ as a dark spot on the &ce of 
the earth; but when ne moon is eclipsed to ns* the sun is par* 
tially e c li p sed to the moon for seyend hours longer than the 
moon is eclipsed to us. 

T%e Tides. 

Hie ebbing and flowing of the sea^ which redholarly takes 
place twice in SM hours, are called the tides. The cause of 
the tides, is the attraction of the sun and moon, but chiefly of 
the moon, on the waters of the ocean. In virtue of the uniyersaJ 
principle of gravitation, heretofore explained, the moon, by 
ner attraction, draws, or raises the water towards her, but be- 
cause the power of attraction diminishes as tlie squares of the 
distances mcrease, the waters, on the opposite side of the 
earth, are not so much attracted as they are on the side nearest 
the mooiL This want of attraction, together with the greatei 
centrifugal force of the earth on its opposite side, produced in 
consequence of its greater distance from the common centre 
of gravity, between the earth and moon, causes the waters to 
rise on t6e opposite side, at the same time that they are rabed 
by direct attraction on the side nearest the moon. 

Thus the waters are constantly elevated on the sides of the 
earth opposite to each other above their common level, and 
consequently depressed at opposite points equally distant from 
these elevations. 

Let m, figk 209, be the moon, and £ the earth covered with 

Fig. 909. 





watw. As the moon passes round the earth, its solid and fluid 
parts are equally attracted by her influence according to their 
densities ; but while the solid parts are at liberty to move only 
as a whole, the water obeys the slightest impulse, and thus 
tends towards the moon where her attraction is the strongest 

What is said oonoertting ocfipoes of th6 earth, as seen from the moon ^ 
What are the tidet 1 What ia the cause of the tides 1 What causes th# 
tide to rJM on the rftle of the earth opposite to the moon 1 
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Coaseqnently the waters are pefpetually elevated immediately 
under the moon. If therefore tke earth stood still, the influ 
ehce of the moon's attraction would raise the tides only as she 
passed round the earth. But as the earth turns on her axis 
every 24 hours, and as the waters nearest the moon, as at a, 
are constantly elevated, they will, in the course of 24 hours, 
move round the whole earth, and consequently from this cause 
there %vill be hifh water at every place once m 24 hours. As 
the elevation of the waters under the moon causes their de- 
pression at 90 degrees distance on the opposite sides of the 
earth d, and c, the point c will come to the same place, by the 
earth's diurnal revolution, six hours after the point a, because 
c is one quarter the circumference of the earth from the point 
a, and therefore there will be low water at any given place 
six hours after it was high water at that place. But while it is 
high water i.nder the moon, in consequence of her direct at^ 
traction, it is also high water on the opposite side of the earth 
in consequence of her diminished attraction, and the earth's 
centrifugal motion, and therefore it will be high water from 
this cause twelve hours afler it was high water from the former 
cause, and six b'urs after it was low water from both causes. 

Thus, when it is high water at a and <'•, it* is low watei^ at c 
and d, and as the earth revolves once in 24 hours, there will 
be an alternate ebbing and flowing of the tide, at every placCy 
once in six hours. 

But while the earth turns on her axis, the moon advancea in 
her orbit, and consequently any given point on the earth will 
not come under the moon on one day so soon as it did on the - 
day before. For this reason, high or low water at any nlace 
comes about fifty minutes later on one day than it«did thexlay 
before. 

Thus far we have considered no other attractive influence 
except that of the moon, as afiecting the waters of the ocean* 
But the sun, as already observed, has an effect upon the tides, 
though on account of nis great distance, his influence is small 
when compared with that of the moon. 

When the sun and moon are in conjunction, as represented 
in fig. 209, which takes place at her change, or when they are * 

If the earth stood stUI, the tides would rise only as the moon passes loond 
the earth; what, then, causes the tides to rise twice in 24 hours 1 When it 
is high water under the moon by her attraction, what u the cause of hkh 
water on the opposite add of the earth, at the same ti m*> 1 Why tntiM 
lidsi about 50 nunutes later every davl 
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ki 0|ipiMiliMiff wUdilikM ]^ftee at fnU moon, then their /orees 
•n wiUedy or art on the waten in the same direction, and con- 
•eqnently the 6dea are ekvated higher than uaual, and on tlus 
aeeonat are called 9pring tides. 

But when tl.e mo<m is in her qnadratnrea, or quarters, the 
attiarlion of tlie aim tends to counteract that of the moon, and 
althoop^h his attraction does not elevate the waters and pro- 
dnee tides, hi^ influence diminishes that of the moon, and coo- 

anently the ekvation of the waters are less when the sun 
i moon are so situated in respect to each otiier, than when 
tfaejr are in conjunction, or opposition. 

F%.StO. 





Tliis eflbct is represented hy fig. 210, where the elevation 
of the tides at c and i is proauced by tiie causes already ex- 
plained ; but their elevation is not so great as in fig. 206, since 
me influence of the sun acting in tiie direction a 6, tends to 
counteract the moon's attractive influence. These small tides 
are called neap Hdes^ and happen only when the moon is in 

I her quadratures. 

The tides are not at their greatest heights at the time when 
the moon is at its meridian, but sometime afterwards, because 

I die water, having a. motion forward, continues to advance by 

! its own inertia, sometime after the direct influence of the moon 

has ceased to affect it 

Latitude and Longitude, 
Latiiude is the distance from the equator in a direct line, 
north or south, measured in decprees and minutes. The num- 
ber of degrees is 90 nortii, ana as many south, each line on 

I which these demes are reckoned running from the equator 

Id the poles, rlaces at the north of the equator are in north 

\ Jatiiude^ and those soutii of the ecjuator are in south latitude. 

The paraUels of latitude are imaginary lines drawn parallel to 

What j ae du ceg spring tidwl Where must the moon be in respect to the 
■on, to pmdaoe 9jpiing &• 1 What h the oocaoon of neap tides 1 What 
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the equator, either north or south, and hence ercry place 
dtuated on the same patallel, ia in the B«me latitude, be- 
cause every auch place must be at the same diatanne from 
(he equator. The length of a degree of latitude is 60 geo- 
graphical miles. 

Longitude is the diatance measured in degrees and minutes 
either east or west, from any given point, on the equator, or 
on any jiarallel of latitude. Hence the lities, or meridians of 
iiose of latitude at right angles. The degrees 
' foDgitude are 180 in number, its lines extending half a 
circle to the east, and half a circle to the west, from any dven 
meridian, so as to include the whole circumference of the 
earth. A degree of longitude, at the equator, is of the same 
length as a degree of latitude, but as the polea are approached, 
the degrees of longitude diminish in length, because the 
earth grows smaller in circumference, from the equator to- 
wards the poles ; hence the lines surrounding it become less 
and less. This will be made obvious by fig. 211. 

F^B- 211. Let this figure represent the 

Jf earth, JV being the north pole, 

S the south pole, and £ W the 

equator. The lines 10, 20, 30, 

and BO on, are the parallels of 

latitude, and the lines N a S N, 

' b S, &.e. are meridian lines, or 

tv those of longitude. 

The latitude of any place on 
the globe, is the number of de- 
grees between that place and the 
equator, measured on a meridian 
line; thus x is in latitude 40 
■J degrees, because the x g part of 

Uie meridian contains 40 degrees. 

I'he longitude of a place is the number of degrees it is situ- 
ated east or west from any meridian line ; thus d is 30 de^es 
west longitude from x, and z is 20 degrees east longitude 
from c. 

As the equator divides the earth into two equal parts, or 
hemispheres, there seems to be a natural reason ■■*''•■ '"■" *'■- 

Hon many clegreo! of latitude ant there 7 Hon fur do the I 
eitendt What ia meant by north and south latitude 1 What 
lets of latitude 1 What ia longituile 1 How ruuuy d^reei ol 
ihera, east or not 1 Wb&t b th« Utitiide of any pbee 1 Wt 
tudeci'apUcel 
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KW8 of latitude should be reckoned from (taa great circle. 
t from east to west there is no natural dirision of the earth, 
each meridian Une being a great circle, dividing the earth 
into two hemispheres, and hence there is no natural reason 
why longitude should be reckoned from one meridian any 
more tluun another. It has, therefore, been customary for 
writers and mariners to reckon londtude from the capital of 
their own country, as the English from London, the French 
from Paris, and the Americans from Washington. But this 
mode, it is apparent, must occasion much confusion, since each 
writer of a different nation would be obliged to correct the 
longitude of all other countries, to make it agree with his own. 
More recently, therefore, the writers of Europe and America 
have selected the royal observatory, at Greenwich, near Lon- 
don, as the first meridian, and on most maps and charts lately 
published, longitude is reckoned from that place. 

The latitude of any place is determined by taking the alti- 
tude of the sun at roidnlay, and then subtracting this from 90 
degrees, making proper allowances for the sun's place in the 
heavens. The reason of this will be understood, when it is 
considered that the whole number of degrees from the Zenith 
to the horizon is 00, and therefore, if we ascertain the sun's dis- 
tance from the horizon, that is, his altitude, by allowing for 
the sun's declination north or south of the equator, and sub- 
tracting this from the whole number, the latitude of the place 
will be found. Thus, suppose that on the 2Utb of March, when 
the sun is at the equator, his altitude from any place north of 
tfie equator should be found to be 48 degrees above the hori- 
aon ; this, subtracted from 00, the whole number of the de- 
grees of latitude, leaves 42, which will be the latitude of the 
place where the observation vms made. 

If the son, at the time of observation, has a declination, 
north or south of the equator, this declination must be added 
toi, or subtracted from, tne meridian altitude, as the case may 
be. For instance, another observation being taken at the 
iriaee where the latitude. was found to be 42, when the sun 
nad a declination of 8 degrees north, then his altitude would 
he 8 degrees greats than before, and therefore 56, instead of 

Wlw assdw dB0nei of latedB mckoMd ftom die eqpHorl Wbatai 

' ~ T»n fr^^ fhd plMM ftom mtiek the d^grew of longitiide havs been 

omhII wist ktha inoonTCOieMe of etfinirting kmgitade finom a pboe 

ooiB^I SVna what "alaos la Hwp*"^ lydbiaed in Kuiqpe and 
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48. Nov, subtncting this 8, the flun's decimation, from 56, 
and the remainder from 90, and the latitnde of the plaee will 
be found 42, as before. If the sun's declination be south of 
the equator, and the latitude of the place north, his declina- 
tion must be added to the meridian altitude, instead of being 
subtracted from it The same result may be obtained by^ 
taking the meridian altitude of any of the nxed stars, whose 
declii^tions are known, instead of the sun's, and proceeding 
as above directed. 

There is more difficulty in ascertaining the degrees of lon- 
^tude, than those of latitude, because, as above stated, there 
18 no fixed point, like that of the equator, from which its degrees 
are reckoned. The degrees of longitude are therefore estimated 
from Greenwich, and are ascertained by the following methods : 

When the sun comes to the meridian of any p]ace, it is 
noon, or 12 o'clock, at that place, and therefore, since the 
equator is divided into 360 equal parts, or degrees, and since 
the earth turns on its axis once in 24 hours, 15 degrees of the 
equator will correspond with one hour of time, for 360 de- 
grees being divided by 24 hours, will give 15. The earth, there- 
ujre, moves in her daily revolution, at the rate of 15 degrees 
for every hour of time. Now, as the apparent course of the 
sun is from east to west, it is obvious that he will come to any 
meridian lying east of a given place, sooner than to one lying 
west of that place, and therefore it will be 12 o'clock to the 
east of any place, sooner than at that place, or to the west of 
it. When, therefore, it is noon at any one place, it will be 1 
o'clock at all places 15 degrees to the east of it, because the 
sun Mras at the meridian of such places an hour before ; and so, 
on the contrary, it will be 11 o'clock, 15 degrees west of the 
same place, because the sun has still an hour to travel, before 
he reaches the meridian of that place. It makes no differ- 
ence, then, where the observer is placed, since if it is 12 
o'clock where he is, it will be 1 o'clock 15 degees to the east 
of him, and 11 o'clock 15 degrees to the west of him, and so 

How is the latitude of a place determined 1 Give an example of the method 
of finding the latitude of the same place at different seasons of the year. 
When most the son's decfination fh>m the equator be added to, and when 
wbtracted fiom, his meridian altitade 1 Why is there more difiiculty in ta^ 
xttamiiig the degrees cf lom[;itade than of latitude 1 How many d^rnes of 
Isaptude does the BurfiM»oAhe earth pass through in an hour 1 Suppose it 
ii moil at any given plaee, what o'clock will it be 15 dc^grees to the eaet of 

khati^aeel Explaai tiie leMen. HowmaykiwiludBbedetenEifanedbf a 
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in Una nropordon, let the time be more or less. Now* if any 
eelestial phenomenon should happen, such as an eclipse of 
the moon, or of Jupiter's satelliteB, the difference of longitude 
between two places where it is observed, may be determined 
bv the difference of Uie times at which it appeared to lake 
pkce. Thus, if the moon enters the earth's shadow at 6 
o'clock in the evening, as seen at Philadelphia, and at half 
past 6 o'clock at another place, then this place is half an hour, 
or 71 degrees, to the cast of Philadelphia, because 7| degrees 
of longitude are equal to half an hour of time. To apply these 
observations practically, it is only necessary that it should be 
known exactly at what time the eclipse takes place at a given 
point on the earth. 

Longitude is also ascertained by means of a chronometer, 
or true time piece, adjusted to any given meridian ; for if the 
difference between two clocks, situated east and west of each 
other, and going exactly at the 'Same rate, can be known, at 
the same time, then the distance between the two meridians 
where the clocks are placed will be known, and the difference 
4>f longitude may be found. 

Suppose two chronometers, which are known to go at ex 
actly the same rate, are made to indicate 12 o'clock by the 
meridian line of Greenwich, and the one be taken to sea, while 
the otlier remains at Greenwich. Then suppose the captain, 
who takes his chronometer to sea, has occasion to know his 
longitude. In the first place, he ascertains, by an observation 
of the sun, when it is 12 o'clock at the place where he is, and 
then by his time piece, when it is 12 o'clock at Greenwich, 
and by allowing 15 degrees for every hour of the difference in 
time, he will know his precise longitude in any part of the 
world. For example, suppose the captain sails with his chro- 
nometer for America, and after being several weeks at sea, 
finds by observation, that it b 12 o'clock by the sun, and at 
the same time find^ by his chronometer, that it is 4 o'clock at 
Greenwich. Then because it is noon at his place of obser- 
vation afler it is noon at Greenwich, he knows that his longi- 
tude is west from Greenwich, and by aDowing 15 degrees tor 
every hoiu* of the difference, his longitude, is ascertained. 

Explain the principlca on which longitude is determined by the chronome- 
ler.^ Suppoee tne caUain finds by his dironoineter that it is 12 o'clock, where 
he is, 6 noun later than at Greenwich, what then would be his londtiide 1 
Suppose he finds it to be 19 o'clock 4 houn earlitf whn» he is, UttiUi si 
Qseenwich, what then would be his kngitudi ? 
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Thus, 15 degrees, multipfied by 4 hounn gire 60 degrees of 
west Ion j[itade from Oreenwieh. . If it Is noon at the place of 
obsenration, before it is noon at Greenwich, then the captain 
knows that his longitude is east, and his true place u found 
In the same manner. 

Fixed Stars. 

The stars are called ^eJ, because they have been obsonred 
not to cluuijre iheir places with respec^ to each other. Ther 
may be distrnguished by the naked eye from the ^nets of 
our system by their scintillations, or twinkling. The stars 
are dinded into classes, according to their magnitudes, and 
are called stars of Uie first, second, and so on to the sixth 
magnitude. About 2000 stars may be seen with the naked 
eye in the whole vault of the heavens, thoudi only about 1000 
are above the horizon at the same time. Of these, about 17 
are of the first magnitude, 50 of the 2d magnitude, and 150 of 
the 3d magnitude. The others are of the 4th, 5th, and 6th 
magnitudes, the last of which are the smallest that can be dis- 
tinguished with the naked eye. 

It might seem incredible, ^t on a clear night only about 
1000 stars are visible, when on a single glance at the dmerent 
parts of the firmament, their numbers appear innumerable. 
But this deception arises from the confused and hasty manner 
In which they are viewed, for if we look steadily on a imrticu* 
lar portion of sky, and count the stars contained witidn cer- 
tain limits, we shall be surprised to find their number so few. 

As we have incomparably more light from the moon, than 
from all the stars together, it is absurd to suppose that they 
were made for no ower purpose than to cast so faint a glim- 
mering on our earth, ana especially as a great proportion of 
them are invisible to our naked eyes. The nearest fixed stars 
to our system, from the most accurate astronomical calcula- 
tions, cannot be nearer than 20,0Q0,000,000,000, or 20 tril- 
lions of miles from the earth, a distance so immense, that light 
cannot pass through it in less than three years. Hence were 
these stars annihuated at the present time, their light would 

Why toe theitan called fizedl How may (he stan be distiiigaished fitm 
the planeCsl The Blan aie divided into daaaes, according to their magni- 
todes ; how many claans are theie 1 How many stars may be seen with 
the naked eye, in the whole firmamenti Why does there appear to be mors 
■tars than wen really are ? What is the comouted distance of the '*eafi6Sl 
fixed stars firom the earth? 
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•onlbiie to.llow towtrds m, and they would appear to be is 
the nine ritaation to us, three yean hence that they do now. 

Our wuu 9een from Uie distance of the nearest fixed stajs, 
wooM ftppcAf no larger than a star of the first magnitude does 
to OS. Theise stars appear no larger to us, when the earth is 
in that part of her orbit nearest to them, than they do, when 
she u in the oppositepart of her orbit ; and as our distance 
from the sun is 96,000,000, of miles, we must be twice this 
distance, or the whole diaineter of the earth's orbit, nearer a 
fiven fixed star at one period of the year, than at another 
The difference, therefore, of 190j000,(X)0 of miles, bears so 
small a proportion to the whole distance between us and the 
fixed Stan, as to make no appreciable difference in their sizes, 
even when assisted by the most powerful telescopes. 

The amazing distances of the fixed stars may also be infer- 
red from the return of comets to our system, after an absence 
of several hundred yean. 

The Telocity with which some of these bodies move, Wihen 
nearest the sun, has been computed -at nearly a million of 
miles in an h^ur, and although their relocities must be per- 
petually retarded, as they recede from the sun, still in 2S0 
yean of time, they must mov^. through a space, which to us 
would be infinite. The periodical return of one comet 
is known to be upwards of 500 yean, making more than 
250 yean in performing its pnrneyr to the most remote part 
of its orbit, » nd as many in returning back to Our system ; 
and that it must still always be nearer our system than the 
fixed stars, is proved by its return ; for by the laws of gravi* 
tation, did it approach nearer another system it would nerer 
again return to oun. 

From such proofs of the vast distances of the fixed stars, 
there can be no doubt that they shine vriih their own light, 
like our sun, and hence the conclusion that they are suns to 
other worlds, which move around them, as (he planets do 
around our sun. Their distances will, however, prevent our 
ever knowing, except by conjecture, whether this is the case 
or not, since, were th ey milhons of times nearer us than tfiey 

How kmg would it take light to reach ui from the fixed stars ? Howlaige 
would our sun appear at the distance of the fixed stars 1 What is said com- 
oeming the differenoe of the distance between the earth and the fixed stais 
at different seasons of the year, and of their different amiearanoeft in coimb- 
qoenoe 1 How may the itintanoes of the fixed stars be ln&|red br the long 
sfaMnoe and return of comets 1 On whtt grounds it it sivpoeed that ths 
fissd rtan am rana to other worlds 1 
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ire, we shoiiM not be able to discoTer the reflected Kght of their 
planets* 

Chmets. 

Besides the planets, which move round the sun in r?g[u]ar 
order and in nearly circular orbits, there beloncrs to the solar 
system an unknown number of bodies called Comets^ which 
move round the sun in orbits exceedingly eccentric, or ellipti- 
cal, and whose appearance amon? our neavenly bodies is on- 
ly occasional. Comets, to the naked eye, have no visible disc, 
but shine with a faint glimmering light, and are accompanied 
by a train or tail, turned from the sun, and which is sometimes 
of immense length. They appear in every region of the 
heavens, and move in every possible direction. 

In the days of ignorance and superstition, comets were con- 
sidered the harbingers of war, pestilence, or some other great 
or general evil; and it was not until astronomy had made con- 
siderable progress as a science, that these strangers could be 
seen among our planets without the expectation of some dire- 
ful event. 

It had been supposed that comets moved in straight lines, 
coming from . the regions of infinite, or unknown space, and 
merely passing by our system, on their way to regions equally 
unknown and infinite, and from which they never returned. 
Sir Isaac Newton was the first to demonstrate that comets pass 
round the sim, like the planets, but that their orbits are ex* 
ceedingly elliptical, and extend out to a vast distance beyond 
the solar system. 

The number of comets is unknown, though some astrono- 
mers suppose that there are nearly 500 belonging to our sys- 
tem. Ferguson, who wrote in about 1760, supposed that there 
were less than 30 comets which made us occasional visits ; 
but since that period the elements of the orbits of nearly 100 
of these bodies have been computed. 

Of these, however, there are only three whose periods of re- 
turn amdng us are known with any degree of certainty. The 
first of these has a period o{ 75 years ; the second a period of 
129 years ; and the third a period of 575 years. The third 
appeared in 1680 : and therefore cannot be expected again 

What number of comets are supposed to bebng to our system 1 How man/ 
tiave luul the elements of their orbits estimated ty astronomien 1 How many 
are thert whose periods of retain aie knownl 
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tdWil dw jear SUB. llueatMt, in 1080, exeilod'dte mo«l 

lnl«nM interest unoag the asironomen of Europe, on kccount 
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to our system. 
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isted at about 

id two hmidred 

!s. At its near* 

I the sun, which 

1 60,000 milea, 

its velocity, according to Hir Isaac Hewton, wa8^80,000mi]e« 

in an hour ; and supposing it to hare retained the sun's heat. 

like other solid bodies, its temperature must have been about 

2000 dmee that of red hot iron. The tail of this comet was at 

least 100 millions of miles long. 

In the Edinburgh Encyclopedia, article Astronomy, there 
is the most complete table of comets yet published. This 
table contains the elements of 97 comets, calculated bydiffer-' 
ant astronomers, down to the year 1806. 

From this table it apprara that 24 comets have passed be- 
tween the sun and the orbit of Mercury; 33 between the or> 
bits of Venus and the Earth ; 15 between the orbits of the 
Earth and Mars ; 3 between the orbits of Mars and Ceres ; 
and 1 between the orbits of Ceres and Jupiter. It also ap- 
pears by this table that 49 comets have moved round the Inn 
from west to east, and 48 from east to west 

Of the nature of these wandering' planets very little is known. 
When examined by a telescope, tney appter like a mass ol 
vapours surrounding a dark nucleus. When the comet ta 
at its perihelion, or nearest the sun, its color seems to be 
heightened by the intense tight or heat of that taminary, and 
it then often shines with more brilliancy than the planets. At 
this time the tail or train, which is always directly opposite to 
the sun. appears at its greatest length, but is commonlr so 
transparent as to permit the fixed stars to be sti in througn it 
A variety of opinions have been advanced by asL^nomera con- 
cerning the nature and cause of these trains. Newton sup- 
Ced that they were thin vapour, made to ascend by the sun's . 
t, as the smoke of a fire ascends from the earth ', while 
Kepler maintained that it was the atmosphere of the comet 
driven behind it by the impulse of the sun's rays. Otlim 
Wlutisnidortbacsnutaf 16801 
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mxppase that this appearance ariaea from atnanaof daqlrie 
matter paaaing away from the comet, dtc 

ELECTRICITY. 

.The science of Electricity^ which now ranks as an impor- 
lant branch of Natural Philosophy, is wholly of modem cute. 
The ancients were acqu:iinted with a few detached facts de* 
pendent on the agency of electrical influence, but they never 
imagined that it was extensively concerned in the operations 
of nature, or that it pervaded material substances generally. 
The term electricity is derived from electron^ the Greek name 
of amber, be<^use it was known to the ancients, that when 

. that substance was rubbed or excited, it attracted or repelled 
small light bodies, and it was then unknown that other sub- 
stances when exoited would do the same. 
' When a piece of glass, sealing wax, or amber, is nibbed 
wi^h a dry nand, and held towards small and lifht bodies* 
>rach as threads, hairs, feathers, or straws, these boaies will fly 
tbwards the sur&ce thus rubbed, and adhere to it for a short 
«time. {The influence by which these small substances are drawn*; 
\ncsl\m electrical attr action \ the surface having this attractive 
j^^pwer is said to be excited ; and 4he substances susceptible 
jn this excitation7)are called 6Z^c^*C5. Substances, not having 
this attractive power when rubbed,')are called non-electrics. 

* The principal electrics are Camber, rosin, sulphur, glass, the 

rprecious stones, sealing wax, and the fur of quadrupeds. . But 

th^ m^T$^ and many other bodies, may be excited when ihsu- 

^ J^ted and treated in a certain manner. 

^'.-s After the light substances, which had been attracted by the 
^excited surfa<^e, have remained in contact with it a short time, 
ihe force which brought them together ceases to act, or acts 

} in a cofTtif^ry direction, and the light bodies are repelled^ or 
thrown awiy from the excited surface. Two boaies, also, 
which have been in contact with the excited surface, mutual- 
ly repel each other. 

Various modes have been devised for exhibiting distinctly the 
attractive and repulsive agencies of electricity, and for obtain* 
ft g indications of its presence, when it exists only in a feeble de- 
gree. Instruments for this pur pose are termed Electroscopes. 

From what is the term electricity derived 1 What is el%trical attrao- 
Uonl What are electrics? What are non-electrics 1 What are the primi- 
pal electrics t What is meant by electrical lepubioa 1 What is an electn>- 
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9tiiKt rimpletl lukimuicBli of lUt Una coniibto of ft 
Wi§,9IX metaHie needle, terminated m( 

eedi end by a light pith ball, 

which is covered with gold Icaif, 

• I and supported horizontally at 

I its centre by a fine point, fig. 
H 213. When a stick of sealing: 

II wax, or a glass iube, is excited, 
11 and then presented to one of 

^3 these balls, the motion of the 

needle on its pivot will indicate 
the electrical influence. 
If an txdted substance be brought near a ball made of pith, 
Fig.2H, or cork, suspended by a silk 

r thread, the ball will, in the first 

^ place, approach the electric as at 
\ j^ / M ^ ^S* 214, indicating an attrac- 
Ar • jm tion towards it, and if the posi- 
Jw a **^^ ^^ ^® electric will allow, 

M M the ball will come into contact 

^ J ^ with the electric, and adhere to 

^^ it for a short time, and will then 

recede from it, shawin^ that it is repelled as at &. If now the 
ball which had touchea the electric, be brought near another 
ball, which has had no communication with an excited sub- 
stance, these two balls will attract each other, and come into 
contact ; after which they will repel each other, as in the for- 
mer case. 

It appears, therefore, that the excited bod^, as the stick of 
sealing wax, imparts a portion of its electricity to the ball, 
and that when tne ball is also electrified, a mutual repulsion 
then takes place between them. Afterwards, the ball, being 
dectrified by contact with the electric, when brought near 
another ball not electrified, transfers a part of its electrical 
intiuence to that, ader which these two balls repel each other 
as in the former instance. 

Thus, when one substance has a greater or less quantity of 
electricity than another, it will attract the other substance, 
and when they are in contact, will impart to it a portion of this 
superabundance ; but when they are both equally electrified, 
^mh hating more or less than their natural quantity of elec 
MekivUiey will re|>el each other. 

WbMidblw««l«ctnM ImiKim «ttMOC| mmI when do tlwjiepel etch oChert 



To account for iheie pheiioiBiBiia« two dieoriM Imm bMH 
iidvanced, one b^ Dr. Franklin, who supposes there is onqr 
one electrical fluid, and the other hy Du raf, who supposes 
there are two distinct fluids* 

Dr. Franklin supposed that all terrestrial suhstanoes wero 
pervaded with the electrical fluid, and that by exciting an eleo* 
trie, the equilibrium of this fluid was destroyed, so that one 
part of the excited body, contained more than its natural quaa* 
tity of electricity, and the other part less. If in this state a 
conductor of electricity, as a piece of metal, be brought neap 
the excited part, the accumulated electricity would be impart- 
ed to it, and then this conductor would receive more than its 
natural quantity of the electric fluid. This he called positive 
electricity. But if a conductor be connected with that part 
which has less than its ordinary share of the fluid, then the 
conductor parts with a share of its own, and therefore will then 
contain less than its natural quantity. This he called negatioe 
electricity. When one body positively^ and another neguHve^ 
ly electrified, are connected by a conducting substance, the 
fluid rushes from the positive to the QCffative body, and the 
equilibrium is restored. Thus bodies wjiich are said to be 
positively electrified contain more than their natural quantity 
of electricity, while those which are negatively electriflea 
contain less than their natural quantity. 

The other theory is explained thus. When a piece of glass 
is excited and made to touch a pith ball, as above stated, ^n 
thfft ball will attract another ball, afler which they will muto* 
ally repel each other, and the same will happen if a piece of 
sealing wax be used instead of the glass. But if a piece of 
excited glass, and another of wax, be made to touch two sepA* 
rate balls, they will attract each other; that is, the ball whieh 
received its electrici^ from the wax will attract that which re* 
ceived its electricity from the glass, and will be attracted by it. 
Hence Du Fay concludes that electricity consists of two dis- 
tinct fluids, which exist together in all bodies — that they have 
a mutual attraction for each other — that they are separated by 

How will two boffies act, one having more, and the other leas than the 
natural quantity of electricity, when brought near each other 7 How wifl 
they act when both have more or less than their natural quantity 1 Exphin 
Dr. Frankfin's theory of electricity; What is meant by posidve^ and what 
by negative dectricity 1 What is the consequence, when a positive and a 
nmtive body are connected by a conductor 1 Explain Du Fay's theory. 
When two balls are electrified, one with ^hm, and the other widi wax, wui 
they attract or repd each other 1 



Am eicUition of deetrics, aid that when thus separated, and 
tnwferred to non^lectrics, as to the pith balls, their mutual 
aUractioii caoses the balls to rush towards each other. These 
two principles he called vitreous and resinous electricity. The 
filroouB him^ obtained from glass, and the resinous from frax, 
and other resinous substances. 

Dr. Franklin's theory is by far the most simple, and will ac- 
oottnt for most of the electrical phenomena equally well with 
diat of Du Fay, and tlierefore has been adopted by the most 
aUe and recent electricians. 

It is found that some substances conduct the electric fluid 
fiom a positire to a neeative surface with ^eat facihtv, whOe 
others conduct it witli difficulty, and others not at all. Sub* 
stances of the first kind are called conductors, and those of the 
Imi^ nan^-conductors. The electrics, or such substances as, 
krijag excited, communicate electricity, are all non-conduct 
otSi while the non-electrics, or such substances as do not com- 
municate electricity on being merely excited, are conductors. 
The condttclors are the metals, charcoal, water, and other 
fluidst except the oils ; also, smoke, steam, ice, and snow. The 
conductors are gold, silver, platina, brass, and iron. 

Thm electrics, or non-conductors, are fflass, amber, sulphur, 
silk, most hard stones, and Sie furs of some ani« 



A body is said to be insulated^ when it is supported, or sur- 
imnided by an electric. Thus, a stool, standing on glass le^ 
it inaulatod, and a plate of metal laid on a plate of glass, is 
feMwkted. 

When large quantities of the electric fluid are wanted for 
Mperiment, or for other purposes, it is procured by an elec- 
^tScml machine. These machines are of various forms, but aU 
oansitt of an electric substance, of considerable dimensions ; 
dw rrnhher by which this is excited, the prime conductor^ on 
vkkh the electric matter is accumulated, the insulator , which 

Cvenls the fluid from escaping, and machinery by which 
danric is bet in motion. 

WkAt vn the two dcctricitiei caDed 1 From what gubatances are the two 
«lMiiicitieo obtained 1 What are conductors ? What are non-^ondnctorsl 
Wha^ wAoUnorv are conductore 1 What substances are ilie best condactoisl 
WlMI attMancea are electrics, or non-coudactore 1 When b a body said.to 
M VThiit are the several parts of an electrical nuushinel 
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F15. SIB represents such a machine, of which A ia the 
electnc, being a cylinder of glass ; B the prime conductor, 
R the rubber or cushion, an<f C a chain connecting the rub- 
ber with the ground. The prime conductor is supported by 
a standard of glass. Sometimes, also, the pillara which sup- 
port the axis of the -cylinder, and that to which the cushion is 
attached, are made of the same material. The prime con- 
ductor has several wires inserted into its side, or end, which 
are pointed, and stand with the points near the cylinder. 
They receive the electric fluid from the glass and convey it 
to the conductor. Theconductor is commonly made of sheet 
brass, there being no advantage in having it solid, as the 
electric fluid is always confined entirety to the surface. 
Even paper, covered with gold leaf, ia as effective in* this 
respect, as though the whole was of solid gold. The cushion 
is attached to a standard, which is furnished with a thumb 
screw, so that itspresaure on the cylinder can be increased 
or diminished. The cushion is made of leather, stufled, and 
at its upper edge there is attached a flap of silk, F, by which 
a greater surface of the glass is covered, and the electric fluid 

What b ttie use of the painted "wiren in the prime conductor 1 How is it 
tccoaMeA Sir, that a men maSux of inatBl will contain iw much electnc 
Auid, u though it were aciid 1 When a | "ye of ^au, or aealii 
dXed, brrabtangitwtth thehand, or apHuof nib, whence 
trid^f 
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To account for thcie phenomflna, two dieoriM Ium boctt 
ndvanced, one by Dr. Frenklim who snppoaea thete k oaqr 
one electrical flud, and the other hy Du Fay, who suppoaea 
there are two distinct fluids. 

Dr. Franklin supposed that all terrestrial substances wera 
pervaded with the electrical fluid, and that by exciting an ele<^ 
trie, the equilibrium of this fluid was destroyed, so that one 
part of the excited body, contained more than its natural quan- 
tity of electricity, and the other part less. If in this state a 
conductor of electricity, as a piece of metal, be brought near 
the excited part, the accumulated electricity would be impart- 
ed to it, and then this conductor would receive more than its 
natural quantity of the electric fluid. This he called pa9iHve 
electricity. But if a conductor be connected with that part 
which has less than its ordinary share of the fluid, then the 
conductor parts with a share of its own, and therefore will then 
contain less than its natural quantity. This he called negaiioe 
electricity. When one body positively^ and another neguHve' 
ly electrified, are connected by a conducting substance, the 
fluid rushes from the positive to the QCffative body, and the 
equilibrium is restored. Thus bodies \vnich are said to be 
positively electriiied contain more than their natural quantity 
of electricity, while those which are negatively electrified 
contain less than their natural quantity. 

The other theory is explained Uius. When a piece of glass 
is excited and made to touch a pith ball, as above stated, then 
that ball will attract another ball, after which they will mutu- 
ally repel each other, and the same will happen if a piece 0# 
sealing wax be used instead of the glass. But if a piece of 
excited glass, and another of wax, be made to touch two sepi^ 
rate balls, they will attract each other; that is, the ball whiek 
received its electrici^ from the wax will attract that which re- 
ceived its electricity from the glass, and will be attracted by it. 
Hence Du Fay concludes that electricity consists of two dis- 
tinct fluids, which exist together in all bodies — that they have 
a mutual attraction for each other — ^that they are separated by 

How wiU two bodieB act, one having more, and the other less than the 
natural quantity of electricity, when brought near each other 1 How wffl 
they act when both have more or less than their natural quantity 7 Ezplahi 
Dr. Franklin's theory of electricity; What b meant by positive, and what 
by negative electricity 1 What is the consequence, when a positive and a 
negative body are connected by a conductor 1 Explain Du Fay's theory. 
When two balls axe electrified, one with (Imi, and the other with wax, wul 
they attract or lepel each other 1 
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of te iteplM idHMAcnts of diii kind eoncMo of a 
{1^.913, metaffie needk, termuiated aC 

oaeh end by a Hght pith ball, 
which b covered with gold leaf, 
and supported horizontally at 
its centre by a fine point, fig. 
213. When a stick of sealing: 
wax, or a glass "tube, is excited, 
and then presented to one of 
these balls, the motion of the 
needle on its pivot will indicate 
the electrical influence. 
If an excited substance be brought near a ball made of pith, 
Fig. 214. or cork, suspended by a'Silk 

thread, the ball will, in the first 
place, approach the electric as at 
a, fig. 214, indicating an attrac- 
tion towards it, and if the posi- 
tion of the electric will allow, 
the ball will come into contact 
with the electric, and adhere to 
it for a short time, and will then 
recede from it, showing that it is repelled as at h. If now the 
ball which had touched the electric, be brought near another 
ball, which has had no communication with an excited sub- 
stance, these two balls will attract each other, and come into 
contact ; after which they will repel each other, as in the for- 
mer case. 

It appears, therefore, that the excited bod^, as the stick of 
sealing wax, imparts a portion of its electricity to the ball, 
and that when tne ball is also electrified, a mutual repulsion 
then takes place between them. Aflerwards, the batt, being 
electrified by contact with the electric, when brought near 
another ball not electrified, transfers a part of its electrical 
infiuence to that, after which these two balls repel each other 
as in the former instance. 

iThus, when one substance has a greater or less quantity of 
electricity than another, it will attract the other substance, 
and when they are in contact, will impart to it a portion of this 
superabundance ; but when they are both equally electrified, 
^Mh having more or less than their natural quantity of elec- 
ftfell^^ they will repel each other. 




Whoa do two dectrified bodies attract^ and when do they repel each oCfatf 1 



To acGOont for theie phwiomfina, two dieoriM hum boctt 
ndvttnced, one by Dr. Frenklim who supposes there is oaqr 
one electrical flud, and the other hy Du Fay, who supposes 
there are two distinct fluids* 

Dr. Franklin supposed that all terrestrial substanoes wero 
pervaded with the electrical fluid, and that by exciting an eleo- 
trict the equilibrium of this fluid was destroyed, so that one 
part of the excited body, contained more than its natural quan- 
tity of electricity, and the other part less. If m this state a 
conductor of electricity, as a piece of metal, be brought near 
the excited part, the accumulated electricity would be impart- 
ed to it, and then this conductor would receive more than its 
natural quantity of the electric fluid. This he called wmHve 
electricity. But if a conductor be connected with that part 
which has less than its ordinary share of the fluid, then the 
conductor parts with a share of its own, and therefore will then 
contain less than its natural quantity. This he called negative 
electricity. When one body positively^ and another negoHve* 
ly electrified, are connected by a conducting substance, the 
fluid rushes from the positive to the QCffative body, and the 
equilibrium is restored. Thus bodies which are said to be 
positively electrified contain more than their natural quantity 
of electricity, while those which are negatively electrified 
contain less than their natural quantity. 

The other theory is explained thus. When a piece of glass 
is excited and made to touch a pith ball, as above stated, then 
that ball will attract another bail, after which they will muttt* 
ally repel each other, and the same will happen if a piece 0# 
sealing wax be used instead of the glass. But if a piece of 
excited glass, and another of wax, be made to touch two sepa- 
rate balls, thev will attract each other; that is, the ball whiek 
received its electrici^ from the wax will attract that which re- 
ceived its electricity trom the glass, and will be attracted by it* 
Hence Du Fay concludes that electricity consists of two dis- 
tinct fluids, which exist together in all bodies — that they have 
a mutual attraction for each other — ^that they are separated by 

How wiU two bocHes act, one having more, and the other less than the 
natural quantity of electricity, when brought near each other 1 How w31 
they act when both have more or less than their natural quantity 1 Exphin 
Dr. Franklin's theory of electricity; What is meant by positive, and what 
by negative electricity 1 What is the consequence, when a positive and a 
n^mtive boify are connected by a conductor 1 Explain Du Kay's theory; 
When two balls are electrified, one with ^iMm, and the other wi& wax, wul 
they attract or repel each otber 1 
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the «xeilfttiMi of declrics, and that when thus separated, and 
tnnsferred to non-electrics, as to the pith balls, their mutual 
mitnction causes the balls to rush towards each other. These 
two principles he called vitreous and resinous electricity. T*he 
titreous hwof^ obtained from glass, and the resinous from wax, 
and other resinous substances. 

Dr. Franklin's theory is by far the most simple, and will ac- 
count for most of the electrical phenomena' equally well with 
diat of Du Fay, and therefore has been adopted by the most 
able and recent electricians. 

It is found that some substances conduct the electric fluid 
from a positive to a negative surface with gpreat facility, while 
others conduct it witli difliculty, and others not at all. Sub- 
stances of the first kind are called conductors^ and those of the 
last, non-conductors. The electrics, or such substances as, 
lieing excited, communicate electricity, are all non-conduct 
ors, while the non-electrics, or such substances as do not com- 
municate electricity on being merely excited, are conductors. 
The conductors are the metals, cnarcoal, water, and other 
flittds, except the oils ; also, smoke, steam, ice, and snow. The 
beat conductors are gold, silver, platina, brass, and iron. 

The electrics, or non-conductors, are glass, amber, sulphur, 
lenn, wax, silk, most hard stones, and me furs of some ani- 
mals. 

A body is said to be tTisulated^ when it is supported, or sur- 
rounded by an electric. Thus, a stool, standing on glass legs, 
is insulated, and a plate of metal laid on a plate of glass, is 
Insulated. 

When large quantities of the electric fluid are wanted for 
experiment, or for other purposes, it is procured by an elec- 
trtcal machine. These machines are of various forms, but all 
consist of an electric substance, of considerable dimensions ; 
the rubber by which this is excited, the prime conductor^ on 
wUch the electric matter is accumulated, the insulator^ which 
prevents the fluid from escaping, and machinery by which 
the electric is 6et in motion. 



What are the two electricities called 1 From what substances are the two 
dectricities obtained 1 What are conductors ? What are non-conductors 1 
What substances are conductors 1 What substances are Uie best conductors 1 
What substances arc electrics, or non-CQuductors 1 When is a body Mid.to 
be insalstedl Whut are the several parts of an electrical machine 1 
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Fi^. 316 repreaenta auch a machine, of which A ia the 
electnc, being' a cylinder of glass ; B the prime conductor, 
R the rubber or cushion, ana C a chain connetrting- the rub- 
ber with the ground, The prime conductor is supported by 
a standard of glaaa. Sometimes, also, the pillars which sn^ 
port the axis of the cylinder, and that to which the cushion is 
attached, are made of the same material. The prime con- 
tluctor baa several wires inserted into its side, or end, which 
are pointed, and stand with the points near the cylinder. 
They receive the electric fluid from the glass and convey it 
to the conductor. Theconductor is commonly made of sheet 
braes, there being no advantage in having it solid, as the 
electric fluid is always confined entirely to the surface. 
Even paper, covered with gold leaf, is as effective in- this 
respect, as ^ough the whole was of solid gold. The cushion 
is attached to a standard, which is furnished with a thumb 
screw, 80 that itspressure on the cylinder can be increased 
or diminished. The cushion is made of leather, stuffed, and 
at its upper edge there is attached a flap of silk, F, by which 
a greater surface of the glass is covered, and the electric fluid 



inaSj u though it were »oiidl When a, ] ■«» of gla»s, or aedini 
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thus preTented« in some degree, from escaping. The efficacy 
of the rubber in producing the electric excitation is much in 
craned by spreading on it a small quantity of an amalgam oi 
tin and mercury, mixed with a little lard, or other unctuous 
substance. 

The manner in which this machine acts, may be inferred 
from what has already been said, for when a stick of sealing 
waxi or a glass tube, is rubbed with tlie hand, or a piece of 
silk* the electric fluid is accumulated on the excited substance, 
and therefore must be transferred from the hand, of silk, to 
the electric In the same manner, when the cylinder is made 
to rerolve, the electric matter, in consequence of the friction, 
leares the cushion, and is accumulated on the glass cylinder, 
that is, the cushion becomes negatively, and the glass posi- 
tirely electrified. The fluid, being thus excited, is prevented 
from escaping by the silk flap, until it comes to the vicinity 
of tlie metallic points, by which it is conveyed to the prime 
conductor. But if the cushion is insulated, the quantity ol 
electricity obtained, will soon have reached its limit, for when 
Hs natural quantity has been transferred to the glass, no more 
can be obtained. It is then necessary to make the cushion 
communicate with the ground, which is done by laying the 
diain on the floor, or table, when more of the fluid will be 
accumulated, by further excitation, the ground being the inex 
haustible source of the electric fluid. 

If a person who is insulated, takes the chain in his hand, the 
electric fluid will be drawn from him, along the chain to the 
cushion, and from th^ cushion will be transferred to the prime 
conductor, and thusfthe person will become negatively elec- 
trified/ If then, another person, standing on the floor, hold 
Ids knuckle near him who is insulated, a spark of electric fire 
will ,pass between them, with a crackling noise, and the 
equilibrium will be restored; that is, the electric fluid will 
pass from him who stands on the floor, to him who stands en 
the stool. But if the insulated person takes hold of a chain, 
comiected with the prime conductor, (he may be considered 

When the cushion is insulated, why is there a limited quantity of electric 
matter to be obtained from it 1 What is then necessary, that more electric 
matter may \ye obtained from the ciishion 1 If an insulated person takes the 
chain, connected with the cushion, in his hand, what change will he pio- 
dooed in his natural quantity of electricity 7 If the insulated person takes 
hold of the chMn connected with the prime conductor, and the machine be 
worked, what then will be the change ]»odiiced in his electrical state 1 
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«s forminff a part of the conductbr, and therefore the electric 
fluid will- be accumulated all over his surface, and he will be 
positively electrified, or will obtain more than his natural 
(quantity of electricit]^) If how, a person standing on the floor 
touch tnis person, he will receive a spark of electrical fire 
from him, and the equilibrium will again be restored. 

If two persons stand on two insulated stools, or if they both 
stand on a plate of ^lass, or a cake of wax, the one person 
being connected by the chain with the prime conductor, and 
the other with the cushion, then, after working the machine, 
if they touch each other, a much stronger shock will be felt, 
than in either of the other cases, because the difference be- 
tween their electrical states will be greater, the one having 
more and the other less than his natural quantity of electrici- 
ty. But if the two insulated persons both take hold of the 
chain connected with the prime conductor, or with that con- 
riected with the cushion,^© spark will pass between them, on 
touching each other, because they will then both be in the 
same electrical state.^ 

We have seen, fig. 213, that the pith ball is first attractetl 
and then repelled, by the excited electric, and that the ball so 
repelled will attract, or be attracted, by other substances in 
its vicinity, in consequence of having received from the exci- 
ted body more than its ordinary quantity of electricity. 



Fig. 216. 



These alternate movements are amus- 
ingly exhibited, by placing some small 
light bodies, such as the figures of men 
and women, made of pith, or paper, be- 
tween two metallic plates, the one placed 
over the other, as in fig. 216, the upper 
plate communicating with the prime con- 

uctor, and the other with the ground. 

"^•len the electricitv is communicated to 
the upper plate, the little figures, being at- 
tracted by the electricity, will jump up, 
and strike their heads against it, and hav- 
ing received a portion of the fluid, are in- 
stantly repelled, and again attracted by the 
lower plate, to which they impart their elec- 



tf two insulated persons take hold of the two chains, one connected with 
tiM prime conductor, and the other with the cushion, what changes will he 
pKduced 1 
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trid^, a^ dien are agam attracted, and 80 fetch and einy tlfte 
efeetiie flmd finom one to the other, as loi^ as the upper plate 
eontains more than the lower one^ In the same manner, a 
tmnMer, if electrified on the inside, and placed over light sid>- 
stances, as pith balls, will cause them to dance for a ccmsidttr- 
able timci 

^Fhu alternate attraction and repulsion, by moveable con- 
ductors, is also pleasingly illustrated with a ball, suspended 
by a silk string between two bells of brass, fiff. 217, one of 
Fif . 9lf, the beUs being electrified and the other 

communicating with the ground. The 
alternate attraction and repulsion, 
moves the ball from one betf to the 
other, and thus produces a continual 
ringingj (in all these cases, the phe- 
nomena wul be the same, whether the 
electricity be positive or negative; 
for two bodies, being both positively, 
or negatively electnfied, repel each 
other, but if one be electrified positive- 
i y 1 A ly, and the other negativehr, or not at 

^ ** ^ all, diey attract each otherJ 

Thus a small figure, ufi the human 
shape, with the head covered with hair, when electrified, eithei 
positively or nefatively^ill exhibit an appearance of the ut- 
most terror, each bair standing erect, ana diverging from the 
other, in consequence of mutual repulsioi^ A person stand- 
ing on an insulated stool, and highly electrified, will exhibit- the 
same appearance. In cold, dry weather, the friction pro- 
duced by combing a person's nair, will cause a less degree 
of the same efiect. In either case, the hair will collapse, or 
shrink to its natural state, on carrying a needle near it, be- 
cause this conducts away the electric fluid. (Listrumentv 
designed to measure the intensity of electric actiom are called 
electrometers. ' 

Such an instrument is represented by fig, 218. ''Tt consisti 
of a slender rod of light wood, a, terminated by a pith ball, 
which serves as an index. This is suspended at tne uppei 

If they both take hold of the same chain, what will be the effect 1 Ez* 

Sain the reason why the little images dance between the two metallic plafteB, 
r. S16. Explain fig. 217. Does it make any difference in respect to the 
mttlion of the images, or of the ball between the beUs, whether the dectii- 
«ky he positive or negativel When a peraon is hie^y electrified, why does 
!» sxhintanappearanoe of the utmost tenor 1 What is an electntfleler 1 
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Wig. S18. part of the wooden etem fr, so as to play easOy 
backwards and forwards. The ivory semicir- 
cle c« is affixed to the stem, having its centre 
coinciding with the axis of motion of the rod, 
so as to measure the anfle of deviation from 
the perpendicular, which the repulsion of the 
ball from the stem produces in the index. 

When this instrument is used, the lower end 

of the stem is set into an aperture in the prime 

conductor, and the intensity of the electric 

action is indicated by the number of degrees 

the index is repelled from the perpendicular^ 

The passage of , the electric fluid through a 

perfect conductor (s, never attended with light, 

01 the crackling noise,) which is heard when it is transmitted 

through the air, or along the surface of an electric. 

^several curious experiments illustrate this principle, for if 
fragments of tin foil, or other metal, be pasted on a piece of 
glass, so near each other that the electric fluid can pass be- 
tween them, the whole line thus formed with the pieces of 
mutal, will be ill iminated by the. passage of the electricity 
from one to the other 





ductor, and the other with the ground, will, when the electric 
fluid is passed through the whole, in the dark, appear one con- 
tinuous and vivid line of fire^ 

Electrical light seems not to differ, in any respect, from the 
light of the sun, or of a burning lamp. Dr. WoUa&ton observ- 
ed, that when this light was seen through a prism, (the ordina- 
ry colors arising from the decomposition of light were obvious^ 

Describe that repiesented at fig. 21(1, together with the mode of using it. 
When the electric fluid passes along a perfect conductor, is it attended with 
K^ht and noise, or not ? When it passes along an electric, or through tho 
air, what phenomena does it exhibit 1 Describe the experiment, fig. 319, in 
tmded to illustrate this principle. 
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TIm brilKaiicy of electrical sparjts is proportioaal to th« 
conducting power of the bodies between wliich it passes 
When an unperfect conductor, such as a piece of wood, is em- 
ployed, the electric light appears in faint, red streams, whilcy 
if passed between two pointed metals, its color is of a more 
brilliant red. Its color also differs, according to the kind of 
substance from, or to which, it passes, or it is dependant on 
peculiar circumstances. ;Thus, if the electric fluid passes be- 
tween two polished metallic surfaces, its color is nearly 
whiit ; but it the spark is received by the finger from such a 
surface, it will be violet The sparks are ffreen, when taken 
by the finger from a sur&ce of silvered leather ; yellow,, when 
taken from finely powdered charcoal ; and inirp/e,^hen taken 
from the grealer number of imperfect conductors. ) 

When the electric fluid is discharged from a point, it is 
always accompanied by a current of air, whether the electri« 
fity be positive or negative. The reason of this appears to 
be, that the instant a particle of air becomes electrified, it re- 
j>el3r and is repelled by tlie point from which it received the 
electricity^ 

Flff. S^. Several curious little experiments are 

made on this principle. Thus, let two cross 
ivires, as in fig. 220, be suspended on a pi- 
vot, each having its point bent in a contrary 
direction, and electrified by being placed 
on the prime conductor of a machine. 
These points, so long as the machine is in 
action, will give ofl" streams of electricity, 
and as the particles of air repel the points 
by which they are electrified, the little ma- 
chine will turn round rapidly, in the direction contrary to that 
of the stream of electricity. Perhaps, also, the reaction of 
ihe atmosphere against the current of air given off by the 
points, assists in giving it motion. 

When one part, or side of an electric, is positively, the other 
part, or side, is negatively electrified. Thus, if a plate of glass 
be positively electrified on one side, it will be ne^tively elec- 




What 19 the appearance of electrical light through a prism 1 What 10 add 
oonceniiDg the different colors of electrical light, when passing betweeo 
Mirftces of (fiflferent kinds 1 Describe fig. 2^, and explain the principle on 
wl^h its motion depemls. Suppose one part, or side of an electric, is positiiM. 
what wiU be the electrical state of the other side or part ? 
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lilfed OB the otlief,«id if the liuMe of a glam vessel be poel* 
nve, the outside will be negatire. 

Advantage of this circumstance is taken, in the eonstrue- 
tioB of .electrical jars, called, irom the place where they were 
first made, Leyden vials\ 

Fig. 231. The fftost common form of this jar is repre- 

sented by fig. 221. (It consists of a fflass ves:- 
sel, coated, on both sides, up to a with tin foil ; 
the upper part being left nakedi iio as to pre- 
vent a spontaneous discharge, or the passage 
of the electric fluid from one coating to the 
^er.< A metallic rod, rising two or three 
inches above the jar, and terminating at the 
top with a brass ball, which is called me knob 
of the jar, is made to descend through the cover, 
till it touches the interior coating. It is along 
this rod that the charge of electricity is con- 
veyed to the inner coating, while tiie outer 
Aoating is made to communicate with the ground. 

^When a chain is passed from the prime conductor of an 
electrical machine to this rod, the electricity is accumulated 
on the tin foil coating, while the glass above the tin foil pre- 
vents its escape, and thus the jar becomes charged. ) By con- 
necting together a sufficient number of these jar8,'any^ quan- 
tity of the electric fluid may be accumulated. For this pur- 
pose all the mterior coatings of the jars are made to commu- 
nicate with each other, by metallic rods passing between 
them, and finally terminating in a single rod. A similar 
union is also established, by connecting the external coats 
with each other^ When thus arranged, the whole series may 
be charged, as if they formed but one jar, and the whole 
series may be discharged at the same instant* ^Such a com- 
bination of jarsjis termed an electrical battery. 

For the purpose of making a direct communication between 
the inner and outer coating of a single jar, or battery, by which 
a discharge is effected, an instrument called a discharging rod 
is employed. It consists of two bent metallic rods, termina- 
ted at one end by brass balls, and at the other end connected 
■ — • — ■ ■ — — ■' ■ ' I *" 

What part of thtf electrical apparatus is constracted on this principle 1 
How is the Leyden vial constructed 1 Why is not the whole surmoe of the 
yM covered with the tin Ibil 1 How is the L^den vial chaised 7 In what 
nuouier may a number of these vials be chajged 7 What u an electiiMl 

ti, tl I II 4 

fMXUtf I 




bjr* jaM. Tlii joial is fixed toibe end of a ghunandle; 

Md ibe nifabriBrmoveable at th« joint, the ImIIb can be sep- 
M>m^ w hw m Dt near each other, as occasion requires. 
WW« MCBed to a proper dklance, one ball is made to touch 
Ibe tia tail on the oulaide of the iar, and then the other is 
Rf. K& brougtit in contact with the knob 

of the jar, as seen in fig. 2!^ In 
this manner a discharge is effect- 
ed , or an equilibrium produced 
bettreen the positive and negaliTe 
aides of the jar. 
V When it is desired to pass the 
I charge through any substance for 
I experiment, then an electrical cir- 
I cttitmnstbeestablished, of which 
I the substance to be experimented 
on, must form a part. That is, 
the smbstance muBt be placed between the ends of two metal 
lie conductors, one of which communicates with the positiTe, 
and the other with the uegalire side of the jar, or battery.' 

When a person takes the electrical shock in the usual man- 
ner, he merely takes hold of the chain connected with the 
outnide coatinr, and the battery being charged touches the 
knob fvith his finger, or with a melalHc rod^ On making this 
circuit, ^e fluid passea through the person from the positive 
to the negstive side. 

Anv number of persons may receive the electrical ahock, 
by taking hold of each other's hands, the first person touching 
the knob, while the last takes hold of a chain connected with 
the external coating. In thia manner, hundreds, or perhaps 
thousands of persons, will feel the shock at the same instant, 
there being no perceptible interval in the time when the first 
and the last person in the circle feels the sensation excited by 
thejMBsage of the electric fluid. 

Irie atmosphere always contains more or less electridty, 
which is sometimes positive, and at otbere negative. It is 
Sowever most commonly positive, and always ao when the sky 



RT**'" the dnigii of fig- 323, and show how an equilibrium is pnidun 
In ihr (iMhar^ng rnd. VHlen it is desired to pom the electrical fluid tluoueh 
I, where must it he placed in respect to the two rides of toe 

n 1 SoppMB the bRUtrry is charoed, what must a persoTi da lo lube the 

Aock'l WhU ciieannlance is it\»u3, which sLows the surprising velociQ 
*tt «Uch lie iili i uty ii tiannnitled 1 Ii the electricity of the atmoqibeM 
(iiwtiii omfgnivet 
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18 deary or free from clouds or fo^ At is alwa3r8 stronger ia 
winter than in summer, and during tht day than during the 
niffht It is also stronger at some hours of the day than at 
others ; being strongest about 9 o'clock in the morning, and 
weakest about the middle of the afternoon^ These different 
electrical states are ascertained by means of long metallic 
wires extending from one building to another, and connected 
with electrometers. 

It was proved by Dr. Franklin, that the electric fluid and 
lightning are the same substance, and this identity has been 
confirmed by subsequent writers on the subject. 

If the properties and phenomena of lightning be compared 
with those of electricity, it will be found that tney differ only 
in respect to degree. (Thus lightning passes in irregular lines 
through the air; the discharge of an electrical battery has the 
same appearance. Lightning strikes the highest pointed ob- 
jects — takes in its course the best conductors — sets fire to non- 
conductors, or rends them in pieces — and destroys animal 
life ; all of which phenomena are caused by the electric fluid. 

Buildinffs may be secured from the effects of lightning, by 
fixing to them a metallic rod, which is elevated above any part 
of the edifice and continued to the moist ground, or to the 
nearest water* vCopper,) for this purpose, is better than iron, 
not only because it is less liable to rust, but because it is a bet- 
ter conductor of the electric flui(|i The upper part of the rod 
should end in several fine points, which must be covered with 
some metal not liable to rust, such as gold, platinat or silver. 
No protection is afforded by the conductor unless it is continU' 
ed without interruption from the top to the bottom of the build" 
ing, and it canTiot be relied on as a protector, unless it reaches 
the moist earthy or ends in water connected with the earth. 
Conductors of copper, may be three fourths of an inch in di- 
ameter, but those of iron should be at least an inch in diame- 
ter. In large buildings, complete protection requires many 
lightning rods, or that they shoula be elevated to a height 
above the building in proportion to the smallness of their num- 
bers, for modem experiments have proved that a rod only pro- 

At what times does the atmosphere contain most electriciw 1 How are the 
dif&Tent electrical states of the atmosphere ascertained 1 Who first disoo- 
vered that electricity and lightning are the same 1 What phenomena an 
mentioned which beionff in common to electricity and Hffhtmng? How may 
huildin^ be protected from the effecto of fightning 1 W hich is the beet ocm- 
dixtor, lion or oopperl What ciienrnttanrsi an necesBary, that the lod niaf 
U nlied on M a protector 1 



leeti a dide arfnmd il^ the ndSoB of wfaidt is mfaalk tv tiriev 
iU length above the buildiiig. 

Some fishes have the power of giTinff dectrieal shocks^ die 
effects of which are the same as those (wtained by tiie friction 
of an electric. The best known of these are the Torpedo^ the 
Oymnotus eleciricus^ and the Silurua deelrtcu8.\ 

xhe torpedo, when touched with both hands at the same i 

time, the one hand on the under, and the other on the upper 1 

stnface, will gire a shock like that of the Leyden TiaL; wnich ' 

shows that the upper and under surfaces of the electric organs 
are in the positive and negative state, like the inner and outer 
surfaces of the electrical jar. 

The grmnotus electricus, or electrical eel, possesses all the 
electrical powers of the torpedo, but in a mucn higher degree. 
When small fish are placed in the water with this animal, they 
are generally stunned, and sometimes killed, by his electrical 
shock, after which he eats them if hungry. The strongest 
shock of the gymnotus, will pass a short distance through the 
air, or across the surface of an electric, from one conductor 
to another, and then there can be perceived a small, but vivid 
spark of electrical fire : particularly if the experiment be made 
in the dark. Galvanism. See Chemistry, 



MAGNETISM. 

The native Magnet^ or Loadstone^ is an ore of iron, which 
is found in various parts of the world.. Its color is iron black, 
its specific gravity from 4 to 5, and it is sometimes found in 
crystals. This substance without any preparatio^attracts iron 
and steel, and when suspended by a string, will turn one o{ 
its sides towards the nortn, and another towards the south.. 

It appears that an examination of the properties of this spe- 
des of iron ore, led to the important discovery of the magnetic 
needle, and subsequently laid the foundation for the science of 
Magnetism, though at the present day magnets are made with- 
out this article. 

The whole science of manietism is founded on the &ctthat 
pieces of iron or steel, after oeing treated in a certain manner, 
and th en suspended, will constantly turn one of their ends to- 

What uuhmIs have the power of g[ivinff ekctrieal shocks 1 IsUdselectii- 
dty supposed to diftr from that obtained by nil How moal the handft be 
applied to take the ek«trieal slioek ci these aaunalil What is the nadms 
n^etorloftditoiie'} What an the pwpwttoi of the tadhloaaT OawlMt 
istte whole eqbject of n u gnKi s m fcmdsd 1 




wmtdn ike nortli, 4 d consequently die ^\wr towards the souHl 

The same propea r has been more recently proved to belong 
to the metals ^tc^ei and co&aZ^^hough with much less intensity. 

The poles of a magnet 'are those parts which possess the 
greatest power, or in which the magnetic virtue seems to be 
concentrated/ One of the poles points north, and the other 
south. Th^ magnetic meridian is a vertical circle in the hea- 
vens, which intersects the horizon at the points to which the 
magnetic needle, when at rest, directs itself. 

The axis of a magnet, is a right line which passes from on« 
of its poles to the other. 

The equator of a magnet^ is a line perpendicular to its ax- 
is, and is at the centre between the two poles. 

The leading properties of the magnet are the following. It 
attracts iron and steel, and when suspended so as to move free- 
ly^it arranges itself so as to point north and south; this is call- 
ed the polarity of the magnet. Wlien the south pole of one 
magnet is presented to the north pole of another, they will at- 
tract each others this is caWed magnetic attraction. But if the 
two north or two south poles be brought together, they will 
repel each other, and this is called magnetic, repulsion. When 
a magnet is left to move freely, it does not lie in a horizontal 
direction, but one pole inclines downwards,, and consequently 
the other is elevated above the line of the horizon.. This is 
called the dipping, or inclination of the magnetic needle. 
Any magnet is capable of communicating its own properties 
to iron or steel, and this again will impart its magnetic virtue 
to another piece of steel, and so on indefinitely. 

If a piece of iron or steel be brought near one of the poles 
of a magnet, they will attract each other, and if suffered to 
come into contact, will adhere so as to require force to sepa- 
rate (hem. This attraction is mutual ; for the iron attracts the 
magnet with the same force that the magnet attracts the irom 
This may be proved, by placing the iron and magnet on pieces 
of wood floating on water, when they will be seen to approach 
each other mutually. 

The force of magnetic attraction varies with the distance in 
the same ratio as tne force of gravity; the attracting force be- 

What other metals besides ixon possess the magnetic property 1 What ars 
Che poliK of a mamet 1 What is ttie axis of a magnet 1 W hat is the equator 
of a magnet 1 What is meant by the polarity of a magnet 1 Whoi do two 
magnets attract, and when repel each othsr 1 What is understood by th« 
dipping of the magnetic needle ? 



VAmiBTISlf. 

ing bmnAf m the sqom of the dktonoe betireenthe mag* 
netuid the iron. 

The intgnetic force is not sensibly afiected b^ the interpo- 
sition of any substance except those containing iron, or steeL 
Thus, if two magnets, or a magnet and a piece of iron, attract 
each other with a certain force, this force will be the same, it 
a plate of glass, wood, or paper, be placed between them. 
Neither will the force be altered, by placing the two attracting 
bodies under water, or in the exhausted receiver of an air 
pump. This proves that the magnetic influence passes equally 
well through air, glass, wood, paper, water, and a vacuum. 

Heat weakens the attractive muver of the magnet, and a 
white heat entirely destroys iUi (Eiectricity will change the 
poles of the magnetic needle, and-the explosion of a small 
quantity of, gun-powder on one of the poles, will have the 
same effect 

The attractive power of the magnet may be increased (W 
permitting a piece of steel to adhere to it, and then suspend- 
mg to the sleel a little additional weight every day, for it will 
sustain, to a certain limit, a little more weight on one day, 
than it would on the day before/ 

Small natural magnets will st^stain more than large ones in 
proportion to their weight It is rare to find a natural mag- 
net, weighing 20,or 30 grains, which will lift more than thir^ 
or forty times its own weight But a minute piece of natural 
magnet, worn by Sir Isaac Newton, in a rinff, which weighed 
only three grains, is said to have been capable of lifting 746 
grams, or nearly 250 times its own weight 

The magnetic property may be communicated from the 
loadstone, or artificial magnet, in the following manner, it be- 
ing understood tliat the north pole of one of the magnets em- 
ployed, must always be drawn towards the south pole of the 
new magnet, and that the south pole of the other magnet em- 
ployed, IS to be drawn in the contrary direction. The north 
poles of magnetic bars are usually marked with a line across 
them so as to distinguish this end from the other. 

How is it proved that the iron attracts the magnet with the same Ihioe 
that the magnet attracts the iron 1 How doe» the force of mastic attmer 
tioii vary wuh the distance 1 Does the magnetic foroe vary with the inter- 
pootion of any sabetance between the attracting bodies 1 What is the effect 
•f heat on the magnet 1 What is the effect of electricity, or the explosion of 
gon-powder on 'ni How may the power of a magnet be increased ? Wha| 
( «dd coDoeming the comparative powers of great and small magnets ? 



J 




MAOKBTISII. M6 

ilg'l^ Place two BMtfnetie 

ban, a and 5, fig. 533» ao 
that the north end of one 
may be nearest the south 
end of the other, and at 
such a distance, that the 
ends of the steel bar to be 
touched, ma^ rest upon 
them. Having thus arranged them, as shown m the figure, 
take the two magnetic bars, d and e, and apply the south end 
of e, and the north end of d, to the middle of the bar c, eleva- 
ting their ends as seen in the figure. Next separate the ban 
e and d, by drawing them in opposite directions along the 
surface of c, still preserving the elevation of their ends ; then 
removing the bars d and e to the distance of a foot or more 
from the bar c, bring their north and south poles into contact, 
and then having again placed them on the middle of c, draw 
them in contrary directions, as before. The same process 
must be repeated many times, on each side of the bar, c, when 
it will be found to have acquired a strong and permanent 
magnetism. 

of a bar of iron be placed, for a long period of time, in a 
north and south direction, or in a perpendicular position, it 
will oAen acquire a strong magnetic power j Old tongs, po- 
kers, and fire shovels, almost always possess more or less 
magnetic virtue, ^nd the same is found to be the case with the 
iron window bars of ancient houses, whenever they have hap- 
pened to be placed in the direction of the magnetic line. 

A magnetic needle^ such as is employed in tne mariner's and 
surveyor's compass, may be made by fixing a piece of steel on 
a board, and then drawing two magnets from the centre to- 
wards each end, as directed, at fig. 223. Some magnetie 
needles in time lose their virtue, and require again to be 
magnetized. ^IJThis may be done by placing the needle, still 
suspended ^n its pivot, between the opposite poles of two 
magnetic barsi^^ While it is receiving the magnetism, it will be 
agitated, moving backwards and forwards, as though it were 
animated, but wnen it has become perfecdy magnetized, it wiU 
remain quiescent 

Explain fig. 923, and describe the mode of making a maffnet. In whfll 
toflitions do ban of iron become magnetic spontaneouflly 1 l£)W may a — 
jle be magnetized without xemoving it from its pivoti 



IM jcAOir^TiAai. 

The dtp, or tnclimtian of the magneftie needle, is its detria 
tioo from its horizontal position, as already mentioned. A 

Siece of steel, or a needle, which will rest on its centre, in a 
irection parallel to the horizon, before it is magnetized, will 
afterwards incline one of its ends towards the- earth. This 
property of the magnetic needle was discovered hy & compass 
maker, who, having finished his needles before they were 
magnetized, found tnat immediately afterwards, their north 
ends inclined towards the earth, so that he was obliged to add 
small weights to their south poles, in order to make them ^ 

balance, as before.! 

The dip of the magnetic needle is measuredi^ a graduated 
eircle, placed in the vertical position, with the needle sus- 
pended by its side, v Its inclination from a horizontal line 
marked across the faoe of this circle, is the measure of its dip. 
The circle, as usual, is divided into 360 degrees, and these 
into minutes and seconds. 

The dip of the needle does not vary materially at the same 
place, but differs in different latitudes, increasing as it is car- 
ried towards the north, and diminishing as it is carried to- 
wards the south. At London, the dip for many years has 
varied little from 72 degrees. In the latitude of 80 degrees 
north, the dip, according to the observations of Capt Parry, 
was 88 degrees. 

AUhou^, in general terms, the magnetic needle is said to 
point norm and south, yet this is very seldom strictly true, 
there being a variation in its direction, which differs in degree 
at different times and places. This is called the variation^ 
or declination, of the magnetic needle. 

This variation is determined at sea, by observing the differ- 
ent points of the compass at which the sun rises, or sets, and 
comparing them with the true points of the sun*s rising or 
settmg according to astronomical tables. By such observa- 
tions, it has been ascertained, that the magnetic needle is 
continually declining alternately^ to the east, or west, from due 
north, ana that this variation differs in different parts of the 
world at the same tLne, and at the same place at different 
times. 



How was the dip of the magnetic needle first discovered 1 In what man- 
ner is the dip measuied 1 What cifoumstance inaeases or diminishes the 
Sof the needle 7 What is meant hf the declination of the magnetic ne» 
1 How is this yaiiatbn determined 1 What has been asoertamed, coa- 
«ning the variation of the needle at difiiHRBOt tinies and places t 




MAGNETISM. S9S 

In 1680 the needle, at London, pointed 11 degrees 15 min- 
utes east of north, and in 1657 it pointed due north and south, 
so that it moved during that time at the mean rate of about 
minutes of a degree in each year, towards the north. Since 
1657, according to observations made in England, it has de- 
clined gradually towards the west, so that in 1803, its varia- 
tion west of north, was 24 decrees. 

At Hartford, Con. in latitude about 41, it appears from a re- 
cord of its variations, that since the year 1824, the magnetic 
needle has been declining towards the west, at the mean rate 
of 3 minutes of a degree annually, and that on the 20th of July, 
1829, the variation was 6 degrees 3 minutes west of the true 
meridian. 

The cause of this annual variation has not been demonstrap 
ted, though according to the experiment of Mr. Canton, it 
has been ascertained, that there are slight variations during 
the different montlis of the year, which seem to depend on the 
degrees of heat and cold. 

The directive power of the magnet is of vast importance to 
the world, since by this power, mariners are enabled to con- 
duct their vessels through the widest oceans, in any given di- 
rection, and by it, travellers can find their way across deserts 
wiuch would otherwbe be impassable. 
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